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INTRODUCTION 
Yield of cereal grains usually is expressed in terms of 
grain production, whereas biological yield, i.e., the total 
dry matter produced during the growing season, generally is 
ignored. Biological yield is a primary factor in determining 
the quantity of grain produced per unit of land, but grain 
production is eminent because it provides the economic return. 
Biological yield is determined by growth rate (expressed in 
production per day per unit area) and growth duration. The 
ratio of grain to biological yield is defined as harvest in­
dex, so it follows that the product of biological yield and 
harvest index equals grain yield. 
The role of harvest index in improving grain yield of 
cereal crops has been noted by many researchers (Cannell, 
1967; Donald, 1962; Nass, 1963; Rosielle and Frey, 1975a,b; 
Sapra and Hughes, 1977; Sims, 1963; Singh and Stoskopf, 1971; 
Syme, 1972; VanDobben, 1962; Vogel et al., 1963). A high 
harvest index, however, does not insure a high grain yield if 
biological yield is low. In a crop such as spring oats 
(Avena sativa L.), biological yield often is low because the 
species has a short growth duration, and the low biological 
yield limits grain yield. 
Lengthening the growth duration for oats as a means of 
increasing biological yield is not a desirable alternative 
for midwestern USA because high temperatures, diseases, and 
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drought often cause severe environmental stresses on this 
crop in mid to late summer. Biological yield, however, can be 
improved alternatively by increasing growth rate. Growth rate 
and harvest index account for over 90% of the variation in 
grain yield of oat lines from A. sativa x A. sterilis and 
A. sativa x A. sativa crosses, and of these two traits, growth 
rate has the greater relative importance (Takeda and Frey, 1976). 
In light of these facts, I have studied the inheritance 
of growth rate and how this trait interacts with harvest in­
dex under varying environments. Such an elucidation should 
aid breeders in their attempts to develop higher yielding 
small grains. 
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LITERATURE REVIEW 
Harvest Index (HI) 
Cereal breeders can develop higher yielding genotypes 
of a crop plant by selecting those that allocate a greater 
proportion of their dry weight production into grain. More 
than 9C% of plant dry weight is the product of photosynthesis, 
and the amount of photosynthate a plant produces is limited 
by time, so distribution of a greater proportion of the 
photosynthate into grain should produce a more efficient 
plant (Singh and Stoskopf, 1971). 
Increased HI has played an important role in improving 
the grain yield of cereal crops (Cannell, 195 7; Donald, 1962; 
Nass, 1973; Rosielle and Frey, 1975a,b; Sapra and Hughes, 1977; 
Sims, 1963; Singh and Stoskopf, 1971; Syme, 1972; VanDobben, 
1962; Vogel et al., 1963), primarily because improvement of 
this trait causes an increased translocation of the photosyn­
thate to the reproductive organs of the plant (Bhatt, 19 76). 
Harvest index can be increased in four ways (Sims, 1963)i 
(a) shorter straw; (b) earlier maturity which allows for 
better grain fill under adverse conditions; (c) lower tiller­
ing rate and greater tiller survival, resulting in less 
foliage and more efficient water usage; and (d) an increase 
in panicle size, i.e., number and weight of grains per head. 
Studies with wheat (Triticum aestivum L,) and oats sug­
gest that HI is controlled primarily by additive gene action 
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(Bhatt, 1976; Lawrence, 1974} Rosielle and Frey, 1977). F^'s 
and F2'S of wheat crosses and their reciprocals showed partial 
dominance of high over low HI, and no reciprocal effects 
(Bhatt, 1976). Heritabilities, on the line-mean basis, were 
0.70 for wheat and 0.79 for oats. 
Harvest index is correlated with several plant traits. 
Most important is the positive correlation between HI and 
grain yield found for several cereals (Finlay and Wilkinson, 
1963; Nass, 1973; Sapra and Hughes, 1977; Singh, 1977; Singh 
and Stoskopf, 1971; Syme, 1970). Generally, the correlations 
vary between 0.6 and 0.7. Ear weight is positively correlated 
with HI (Singh and Stoskopf, 1971; Nass, 1973), whereas vege­
tative yield is negatively correlated with it in wheat, barley 
(Hordeum vulgare L.), and oats (Singh and Stoskopf, 1971). 
The independence of HI from total plant weight makes it 
possible to obtain high HI with nontillering plants that have 
2 low grain yield per plant. Because ear density (ears/m ) can 
2 be controlled via planting rate, neither number of plants/m 
nor number of ears/plant suppresses a genotype with high 
capacity for HI. Because HI is based only on grain weight, 
the size or number of grains individually is not critical to 
having a high HI either. It is the performance of the com­
munity of culms, in terms of grain yield, that is critical to 
the magnitude of HI and grain yield (Donald and Hamblin, 1976). 
Environmental conditions, imposed by agricultural prac­
tices, can influence HI. It declines at densities above those 
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necessary to produce maximum grain yields, probably due to 
poor light penetration into the plant canopy and/or water 
stress (Donald and Hamblin, 1976). Harvest index may be 
increased, however, by mild water stress (Donald and 
Hamblin, 1976). Increased nitrogen fertilization commonly 
increases biological yield, but decreases HI (Donald and 
Hamblin, 1976). This depression may be severe with limited 
water. 
Semidwarf wheat cultivars respond differently to fer­
tility than do standard-height ones. The HI of semidwarfs 
is high at moderate to high fertility, whereas standard-
height cultivars respond with higher biological yields but 
decreased HI to high fertility (Vogel et al., 1963). 
Growth Rate (GR) 
Both the ultimate size of functional photosynthetic or­
gans and potential number of flowers and seeds are determined 
during the vegetative growth period of cereals. Thus in 
reality, early vegetative growth determines both sink (poten­
tial number of seeds) and photosynthetic capacity for sustain­
ing growth and development of this sink during reproductive 
growth (Wallace et al., 1972). The vegetative stage also 
may have important effects on yield through the number and 
size of fertile tillers produced (Bunting and Drennan, 1966). 
A vegetative stage of adequate length is required to establish 
the root system and leaf canopy as a basis for later crop 
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growth (Evans and Wardlaw, 1976). 
The product of the rate of vegetative growth and its 
duration equals the dry matter accumulated in the vegetative 
portion of the plant. Adequate development of this plant por­
tion is necessary to support grain filling later. Growth and 
development of plants before head emergence determines their 
number and size to a great extent (Stoy, 1965). 
Oat cultivars vary in the time required from planting to 
maturity; however, most of these differences are due to dif­
ferential lengths of the vegetative period of growth. That 
is, the periods from heading to maturity are nearly equal for 
all cultivars (Reeves and Sraon, 1976). In Iowa, genotypes 
that develop adequate vegetative growth and floral primordia 
quickly have a yield advantage over those that develop more 
slowly because those with long vegetative growth duration 
incur stresses from high temperature and rust disease in mid 
to late summer that stop or retard grain filling (Takeda 
et al,, 1976). Under these circumstances, to provide high 
biological yield and maintain early maturity, it is necessary 
to have high GR. Frey (1976) and Frey and Browning (1971) 
reported improvements in grain yields of oat lines derived 
from A. sativa x A. sterilis crosses. Maturity and HI were 
identical to the A. sativa parent, thus the increased grain 
and biological yields had to be due to increased GR's (Takeda 
and Frey, 1976; Brinkman and Frey, 1977). 
The relative importances of GR and HI to grain yield of 
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oats were studied by Takeda and Frey (1976) using segregates 
from matings between two A, sativa and eight A. sterilis 
strains. Variation for grain yield within backcross mating 
combinations was determined almost completely by variations 
in GR and HI (R^ from 0,92 to 0.97), and on the average, GR 
contributed 1.27 times more than HI. Takeda and Frey (1977) 
suggested that because HI was near optimum and maturity date 
must be held constant in midwestern oat cultivars, the only 
way to improve their yielding capacity was by increasing GR. 
Associations of GR with straw and grain yields were very high, 
but little or no association existed between GR and heading 
date, plant height, and HI (Takeda and Frey, 1977), which 
suggests that these genes for GR can be utilized to increase 
yield in nearly any genotype, irrespective of its maturity, 
height, or HI. 
Heritability of GR was ca. 0,4 for interspecific matings 
of oats, and the proportion of superior transgressive segre­
gates with greater GR was as high as 22,5% in certain popula­
tions (Takeda and Frey, 1977). Comparable values for intra-
specific crosses (A. sativa x A. sativa) were 0.2 for herita­
bility and 3.4% for plus transgressive segregates (Takeda 
et al., 1979). A. sterilis, therefore, served as an effective 
source of new alleles that influenced GR. 
Takeda et al. (1979) predicted grain yield gains from 
improving HI and/or GR, alone and simultaneously, via multiple 
regression. In intraspecific matings, a 10% increase in grain 
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yield could be obtained by increasing either GR by 0.1 g/da/ 
plot (plot size equals 0.1 m^) or HI by 3%. With interspe­
cific matings, a 14% change in relative grain yield was ob­
tained from the same increase in GR (Takeda and Frey, 1977). 
To increase grain yield via greater GR should be easier to 
accomplish in matings of A. sterilis x A. sativa than in 
matings among cultivars of A. sativa (Takeda et al., 1979). 
Fertility 
Nitrogen nutrition of plants can strongly influence their 
rate and level of growth and development. It affects the size 
of the photosynthetic system and the relative contributions 
from different organs (Thorne, 1966). Increases in leaf area 
produced by application of nitrogen fertilizer may result.from 
increases in both leaf number and leaf size (Watson, 1952), 
and increased dry matter yield has been associated with in­
creased leaf area and leaf area duration (Helsel and Frey, 
1978). Studies with barley show that the weight of straw 
increased in all cultivars with increasing nitrogen applica­
tion (Gardner and Rathjen, 1975), and nitrogen application re­
sults in total dry matter increases in wheat and barley (Syme, 
1972). However, grain yield did not increase at the same 
rate, so as the weight of the straw progressively exceeded 
the weight of the grain, HI decreased with increasing nitrogen 
application. A similar decrease has been documented in wheat 
(McNeal et al., 1971). 
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MATERIALS AND METHODS 
Materials 
Twelve parental combinations (matings) involving six 
oat cultivars and five experimental lines were used in this 
study (Table 1). Parents used in the twelve oat matings fell 
into one of two categories: (a) lines containing A. sterilis 
germplasm (referred to as A. sterilis derived lines), and 
(b) A, sativa cultivars adapted to the midwestern USA. Some 
matings paired A. sterilis derived material with its A, sativa 
recurrent parent, or an A. sterilis derived line was mated to 
an unrelated A. sativa cultivar. Others consisted of crosses 
between two different A. sterilis derived lines. The culti­
vars involved were CI 8044, Clintford (CI 7463), Grundy 
(CI 8445), Dal (CI 9159), Noble (CI 9194), and Otter (CI 8304), 
and the five experimental lines were derived from backcrosses 
with either Clintford, CI8044, or Grundy serving as the recurrent 
parent. All five lines were higher in yield than their re­
current parents (Frey, 1976). Y286-53 was from the cross 
Grundy^ x CI 9170. CI 9268 and CI 9273 came from crosses of 
Clintford^ x B443 and Clintford^ x B443, respectively. CI 9271 
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was selected from Clintford x B444, CI 9277 was derived from 
CI 8044^ X B443. B443 and B444 were A. sterilis lines from 
Israel and the "yield" gene in CI 9170 was from the A. 
sterilis line CI 8079 (Frey, 1972; Frey and Browning, 1971). 
Table 1. Parentages for the twelve oat matings, mating type, and numbers of F2~ 
derived lines and parents/samples tested for each mating 
Mating 
no. 
Parents 
Female Male Mating type 
No. of entries tested 
F2-derived Parental 
lines lines 
D237 CI 9273 Clintford Backcross 17 23 
D238 CI 9273 Grundy Semibackcross 18 12 
D239 CI 9277 CI 8044 Backcross 82 18 
D241 CI 9271 Clintford Backcross 33 27 
D242 Y286-53 Grundy Backcross 82 18 
D245 CI9273 CI 9271 Both Ao sterilis derived 41 19 
D246 CI 9277 CI 9271 Both A. sterilis derived 29 11 
D248 CI 9268 CI 9277 Both A. sterilis derived 82 18 
D249 CI 9273 CI 9277 Both Ao sterilis derived 82 18 
D250 Dal CI 9268 Unrelated 48 22 
D251 Noble CI 9268 Unrelated 82 18 
D252 Otter CI 9268 Unrelated 82 18 
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seeds of the twelve matings were obtained in the green­
house in the fall 1975, and one seed from each mating was 
grown in spring 1976 to obtain Fg seeds. Fg seeds were grown 
as spaced plants at the Agronomy Field Research Center near 
Ames, Iowa in 1976. When mature, F2 plants from a mating 
were harvested and threshed individually. Four F^ plants 
from each F2 were space sown in a progeny row in 1977. 
The seeds harvested from these four plants were mixed in equal 
quantities and used to form an F^-derived line to be used in 
an evaluation test in 1978. 
Field Experiments 
Evaluation experiments in 1978 were conducted in random-
ized-block designs with eight replicates each. Twelve experi­
ments were conducted, one for each of the matings. For each 
experiment, four replicates were sown on a productive Clarion-
Webster soil type at the Agronomy Field Research Center near 
Ames, Iowa and four were sown at Nashua, Iowa on Kenyon soil. 
An experiment contained between 17 and 82 F^-derived lines 
from a mating, plus the parents, each entered several times, 
A plot was a hill sown with 30 seeds, and the plots were 
spaced 30 cm apart in perpendicular directions. Plots were 
weeded by hand, and a fungicide, Dithane (active ingredients 
Zn ethylene bis dithiocarbamate) was sprayed onto the plants 
at weekly intervals between anthesis and maturity to control 
foliar diseases. 
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Six traits were recorded for each plot. Days to heading 
(HD) (days after sowing that 50% of the panicles were fully 
emerged) was measured on each plot in the four replicates at 
Ames. When mature, plots were harvested at ground level and 
bundle weight (BWT) (g) was measured, and subsequently, the 
plants were threshed and grain yield (GYD) (g) was measured. 
Straw yield (SYD) (g) was computed as BWT - GYD, and harvest 
index (HI) {%) was calculated as (GYD/BWT)100. Growth rate 
(GR) (g/da/plot) was calculated as SYD/kD. To calculate GR 
for Nashua, where no heading dates were taken, the HD values 
from Ames were randomly assigned to the replicates at Nashua 
to be used with the SYD values from Nashua to calculate GR's. 
Another experiment utilizing nine matings (i.e., D238, 
D239, D241, D245, D248, D249, D250, D251, D252) and their 
parents was grown in 1978 in a randomized-block design with 
three replicates on a Clarion-Webster soil at Kanawha, Iowa. 
Variations in growth environments at this site were simulated 
by using two levels of fertilization and three dates of plant­
ing (Table 2). Plot maintenance and measurements were the 
same as for the Ames experiment; however, heading date was 
taken on two replicates only. 
Statistical Analyses 
Models for the analyses of variance for experiments con­
ducted at Ames and Nashua, both combined and individually, are 
presented in Tables 3 and 4, respectively. Models for the 
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Table 2. Dates of planting and fertilizer applications for 
environments used at Kanawha, Iowa in 1978 
Environment Date of planting 
Fertilizer 
application 
(kg/ha for 
N-P-K) 
ILO April 16, 1978 0-0-0 
IHI April 16, 1978 100-50-50 
2L0 April 28, 1978 0
 
1 0
 
1 o
 
2HI April 28, 1978 100-50-50 
3L0 May 15, 1978 0-0-0 
3HI May 15, 1978 100-50-50 
analyses of variance for Kanawha are presented in Tables 5 
and 6. 
Genotypic and error variances were computed for all 
traits by equating expected variance components to the appro­
priate mean squares. Broad sense heritability values (per 
plot basis) were computed using the formula: 
Heritability = Vg/(Vg+Vg) , 
where and are the genotypic and error variances, re­
spectively, using Tables 4 and 6 as models for Ames and 
Nashua, and Kanawha, respectively. This gives heritability 
on a per-plot basis. 
The variance and covariance components were also used to 
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Table 3. Combined analysis of variance for the twelve oat 
experiments conducted at Ames and Nashua, 1978 
Source of variation 
Degrees of 
freedom Expected mean squares 
Environment 
Reps (environment) 
Genotypes 
Genotype x environment 
Error 
Corrected total 
1 
6 
899 
899 
5394 
7199 
2 2 
* e + ro GE 
Table 4. Analysis of variance for each of the twelve oat 
experiments conducted at Ames and Nashua, 1978 
Degrees of 
Source of variation freedom Expected mean squares 
Reps 7 
2 2 Genotypes 99 a ^ + ra g 
Error 693 
Corrected total 799 
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Table 5, Combined analysis of variance 
environments at Kanawha, 1978 
for the six simulated 
Source of variation 
Degrees of 
freedom Expected mean squares 
Environment 5 
Rep (environment) 12 
Genotypes 199 
Genotype x environment 955 
Error 2259 
Corrected total 3470 
Table 6, Analysis of variance for each simulated environment 
at Kanawha, 1978 
Degrees of 
Source of variation freedom Expected mean squares 
Reps 1 
2 2 Genotypes 199 a ^ + ra ^ 
Error 398 
Corrected total 599 
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compute genotypic and error correlations using the standard 
formula; 
Correlation = Cov^y/(V^.Vy)^ , 
where Cov^^ equals the covariance of traits x and y, and 
and Vy equal their respective variances for the traits. 
Genetic Analyses 
The minimum number of effective factor pairs segregating 
for GR in each cross was estimated by using a modification 
of the Castle-Wright formula (Castle, 1922; Wright, 1968; 
Mather and Jinks, 1971)s 
2 Number of effective factor pairs = R /GV^ , 
where R and V are the range and genotypic variance of an F? g z 
population, respectively. In the original Castle-Wright 
formula, R was the range of the parents in a mating, but 
Lawrence and Frey (1976) argued that the range of the F2 
segregates was a more appropriate estimate of R when the 
parents did not represent the genotypic extremes for segre­
gating loci. 
Transgressive Segregates and Selection 
The limit within a population of segregates beyond 
which a line was considered to possess a positive transgres­
sive GR was calculated as the high parent value plus 1.96 
times the standard error of a line mean. 
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Five selection schemes were simulated for the popula­
tions of Fg-derived lines from the matings grown at Ames and 
Nashua. These were based on selection of the best 10% of all 
lines from each mating for GYD, HI, GR, HI+GR, and GYD+HI+GR. 
Lines for the first three schemes were chosen solely on the 
basis of means. When more than one trait was being selected, 
means for GYD, HI and GR were changed into standard units. 
To do this, the overall mean for a mating was subtracted from 
each line so that the mean of all lines became zero. These 
values were then divided by the standard deviation. Standard 
unit values for the traits used in the cumulation criterion 
were added together and lines with the top 10% of the values 
for the cumulative criterion were chosen to form the selected 
sample. Essentially, this standard unit method gives equal 
weights to all traits in an index. 
Selection differential was calculated as the mean of the 
selected individuals minus the mean of the unselected popula­
tion. This value, in conjunction with heritability, was used 
to predict the merit of the simulated breeding systems by 
estimating genetic gains. Expected genetic gains were cal­
culated according to the formula; 
G^ = H X SD , 
where G^ equals the genetic gain per cycle of selection, H 
equals the heritability, and SD equals the selection 
differential. 
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RESULTS 
Experimental Variation 
The results obtained during the 1978 growing season were 
less precise than those that would be encountered in years 
with more normal growing conditions for oats. Conditions were 
favorable for vegetative development, but the onset of extreme 
heat in early July essentially halted grain filling. This re­
sulted in GYD's that did not represent the true yielding 
abilities of the genotypes when tested in more normal environ­
ments. The effect of the 1978 season was manifested not only 
in GYD's, but in higher than normal C.V.'s. The average C.V. 
for GYD over all matings was 23%, the highest C.V. of the six 
traits measured. Microplots usually have a CoV. of 17% for 
GYD in more normal years (Frey, 1965; Rosielle, 1975j Segebart, 
1978). C.V.'s for GR ranged from 16 to 22%. These should 
represent reasonable values because vegetative development 
was normal in 1978. HI, SWT, and SYD had average C.V.'s of 
19, 18, and 17%, respectively. The trait with the lowest 
C.V. was HD, with an average of 8%. 
Genotypic Variation 
Significant genotypic variation is one of the prerequi­
sites for the calculation of various genetic parameters. Mean 
squares based on the analyses of variance presented in Table 4 
are found in Appendix A. For all traits assayed at Ames and 
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Nashua, F-tests confirmed that significant genotypic varia­
tion was present. Variation due to replication and geno­
types was highly significant in each mating for all traits 
except HD. Although genotypic variation of HD was highly 
significant for most matings, variation due to replication 
rarely reached significant levels. 
Similar tests of significance were conducted for the 
material grown at Kanawha. The model for these analyses of 
variance appeared in Table 6, and mean squares for the six 
environments are found in Appendix B. Based on F-tests, all 
variation due to genotypes was significant, most frequently 
at the 1% level. 
Parent and Offspring Means 
Parents used in the twelve oat matings fell into one of 
two categories: (a) lines containing A. sterilis germplasm 
(referred to as A. sterilis derived lines) and (b) A. sativa 
cultivars adapted to the midwestern USA. Some matings paired 
an A. sterilis derived line with its A. sativa recurrent 
parent, others paired an A. sterilis derived line with an 
unrelated A. sativa cultivar, and still others paired two dif­
ferent A, sterilis derived lines. 
Parental oat lines with introgressed A. sterilis germ-
plasm were expected to be superior to the parental A, sativa 
cultivars for GR. This expectation was based on several 
pieces of evidence. First, A. sterilis produces prolific 
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vegetative growth, often in a short span of time. Second, 
studies by Takeda and Frey (1976, 1977) have pinpointed 
Ao sterilis as an effective source of genes that enhance GR. 
Third, grain yields of the A. sterilis derived lines used in 
this study were known to be greater than those of their re­
spective recurrent parents (Frey, 1976). These increased 
GYD's have been attributed to greater leaf area (LA) and 
leaf area duration (LAD) arising from genes contributed by 
Israeli sources of A. sterilis (Brinkman and Frey, 1977; 
Helsel and Frey, 1978), On the average, A. sterilis derived 
parental lines had higher GYD's, BWT's, SYD's, and GR's than 
the A. sativa cultivars (Table 7). The only trait for which 
they had lower values than the A. sativa cultivars was HI. 
In all but one mating, the parents reached anthesis within 
one to two days of each other. The exception, D250 (Dal x 
CI 9268), had a parental spread of four days. 
Mean performance of the parents and offspring within 
each mating for GR, GYD, HI, S YD, BWT, and HD are presented 
in Tables 8 to 13, respectively. Over all traits, Fg-derived 
line means tended to be intermediate to those of the parents. 
Eight of twelve matings produced Fg-derived line means 
for GR intermediate to those of the parents (Table 8). The 
four exceptions were D242, D245, D246, and D248, in which 
offspring means were inferior to either parental mean. Even 
so, the means for these four matings ranked in the midst of 
all matings for offspring GR. Ranking last for offspring GR 
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Table 7. Means for several traits measured on the A. 
sterilis derived lines and A. sativa cultivars 
used in the twelve oat matings and evaluated at 
Ames and Nashua, 1978 
Trait 
A. sativa 
cultivars 
A. sterilis 
derived lines 
GYD (q/ha) 27.4** 30.3 
HI (%) 37.4 37.0 
SYD (q/ha) 51.9** 57.4 
SWT (q/ha) 79.1** 87.4 
GR (q/da/ha) 0.78** 0.86 
HD 66 67 
**Significant at the 1% level. 
was mating D239, which also had the lowest midparent GR. 
The highest ranked mating for offspring GR (D237) also had 
highest midparent value. 
Mean GYD's for Fg-derived lines tended to be intermediate 
between the parents, but half of them were below the means of 
either parent (Table 9). One mating (D249) had an offspring 
mean that exceeded both parents, but it was still inferior to 
several parental means. The parent most frequently involved 
in a mating with high mean offspring GYD was CI 9273, an 
A. sterilis derived line (Clintford^ x B443). 
Harvest indexes for Fg-derived lines were disappointing 
(Table 10). Two matings, D242 and D251, had offspring means 
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Table 8. Means and midparent values for growth rate (q/da/ 
ha) of the parents and F^-derived lines from twelve 
oat matings tested at Ames and Nashua, 1978 
Generation^ 
Mating 
no. Pi P2 MP ^2 
D237 0.93 a 0.83 0.88 0.89 cd 
D238 0.91 a 0.76 0.83 0.82 cd 
D239 0.77 a 0.66 0.72 0.71 cd 
D241 0.83 a 0.75 0.79 b 0.76 c 
D242 0.83 0.81 0.82 b 0.79 cd 
D245 0.88 0.86 0.87 b 0.82 cd 
D246 0.81 a 0.88 0.84 b 0.79 d 
D248 0.88 a 0.87 0.88 b 0.80 cd 
D249 0.90 a 0.80 0.85 0.84 cd 
D250 0.84 0.86 0.85 0.86 c 
D251 0.86 0.88 0.87 0.86 
D252 0.71 a 0.89 0.80 0.79 cd 
a = significantly different from P? at the 5% level; 
b = F2 significantly different from MP at the 5% level; c = 
significantly different from Pi at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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Table 9. Means and midparent values for grain yield (q/ha) 
of the parents and F2-derived lines from twelve 
oat matings tested at Ames and Nashua, 1978 
Mating Generation^ 
no. PI P2 MP ^2 
D237 2 8 . 9  a 27.6 28.2 27.5 
D238 30.3 29.1 29.7 29.3 
D239 30.6 a 24.5 27.6 26.8 c 
D241 31.7 a 25.5 28.6 b 2 7 . 2  cd 
D242 29.0 a 28.5 28.7 b 27.4 cd 
D245 31.0 30.8 30.9 b 28.9 cd 
D246 31.6 31.2 31.4 b 27.1 cd 
D248 2 9 . 4  a 30.6 30.0 b 26.3 cd 
D249 27.9 29.1 2 8 . 5  b 30.0 cd 
D250 24.8 a 29.2 27.0 26.0 cd 
D251 32.0 31.4 31.7 b 28.5 cd 
D252 26.8 a 32.2 29.5 28.7 cd 
^a = Pi significantly different from P2 at the 5% level; 
b = F2 significantly different from MP at the 5% level; c = 
Fg significantly different from Pi at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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Table 10. Means and midparent values for harvest index (%) 
of the parents and F^-derived lines from twelve 
oat matings tested at Ames and Nashua, 1978 
a Generation Mating 
no. Pi P2 MP ^2 
D237 32 34 33 33 
D238 34 a 37 36 b 35 d 
D239 38 a 37 38 37 
D241 37 a 35 36 36 
D242 35 35 35 34 cd 
D245 32 a 36 34 b 35 c 
D246 32 a 35 34 35 c 
D248 34 35 34 34 d 
D249 32 a 35 34 35 c 
D250 29 a 34 32 b 30 cd 
D251 36 38 37 b 33cd 
D252 36 35 36 b 35 c 
^a = P;j^ significantly different from Po at the 5% level ; 
b = F2 significantly different from MP at the 5% level; c = 
significantly different from P^ at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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Table 11. Means and midparent values for straw yield (q/ha) 
of the parents and F^-derived lines from twelve 
oat matings tested at Ames and Nashus, 1978 
Mating 
no. 
Generation^  
Pi P2 MP f2 
D237 61.2 a 54.0 57.6 58.6 cd 
D238 59.9 a 49.5 54.8 53.9 cd 
D239 51.7 a 43.2 47.4 47.4 cd 
D241 55.0 a 48.4 51.7 b 49.5 c 
D242 55.1 53.4 54.2 b 51.9 c 
D245 58.8 a 56.7 57.8 b 54.2 cd 
D245 54.8 57.8 56.3 55.2 d 
D248 58.8 57.0 57.9 b 51.8 cd 
D249 60.1 a 54.8 57.4 56.2 c 
D250 61.2 a 57.8 59.5 59.9 d 
D251 57.6 58.8 58.2 59.7 
D252 48.0 a 60.1 54.0 53.6 cd 
a^ = Pt significantly different from P2 at the 5% level; 
b = F2 significantly different from MP at the 5% level; c = 
F2 significantly different from Pi at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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Table 12. Means and midparent values for bundle weight 
(q/ha) of the parents and F^ -derived lines from 
twelve oat matings tested at Ames and Nashua, 
1978 
Mating Generation^  
no. Pi P2 MP 2^ 
D237 90.1 a 81.3 85.7 86.2 cd 
D238 90.2 a 78.5 84.4 83.2 cd 
D239 82.8 a 66.6 74.7 73.9 cd 
D241 86.7 a 73.8 80.2 b 76.8 cd 
D242 84.0 81.7 82.8 b 79.3 c 
D245 84.7 a 87.5 86.1 b 82.3 cd 
D246 86.4 89.0 87.7 b 83.2 d 
D248 88.6 87.6 88.1 b 78.6 cd 
D249 88.0 a 83.9 86.0 86.2 
D250 86.1 86.0 86.0 85.9 
D251 89.6 90.3 90.0 87.8 
D252 74.9 a 92.3 83.6 82.7 cd 
a^ = P-L significantly different from P2 at the 5% level; 
b = F2 significantly different from MP at the 5% level; c = 
F2 significantly different from Pi at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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Table 13. Means and midparent values for heading (days from 
sowing to heading) of the parents and F2-derived 
lines from twelve oat matings tested at Ames and 
Nashua, 1978 
Mating 
no. 
Generation^  
Pi P2 MP F2 
D237 66 a 65 66 66 d 
D238 67 a 65 66 65 c 
D239 67 a 64 66 66 cd 
D241 65 66 66 b 63 cd 
D242 66 a 65 66 66 d 
D245 66 66 66 b 65 cd 
D246 68 66 67 67 
D248 67 a 66 66 b 64 cd 
D249 66 a 68 67 66 d 
D250 72 a 68 70 70 cd 
D251 67 68 68 68 
D252 68 68 68 68 
a^ = significantly different from P2 at the 5% level; 
b = F2 significantly different from MP at the 5% level; c = 
F2 significantly different from P^  at the 5% level; d = F2 
significantly different from P2 at the 5% level. 
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below either parental mean, D242 was 1% below the parents, 
whereas D251 was 4% below the low parent. In no mating did 
offspring means exceed the midparent. 
Among matings, rankings of Fg-derived line means for S YD 
and BWT were similar (Tables 11 and 12), The same was true 
for midparent values alsoc For SYD, the offspring mean was 
below both parents for D242, D245, and D248 and above the high 
parent for D251, For all other matings, the progeny means 
were intermediate between the parents. For mean offspring 
BWT, half of the matings fell below both parents of the 
mating, and five of the six had lower mean GYD's than both 
parents, also. Thus, high temperatures that caused reduced 
GYD's also may have reduced BWT's. 
Days from sowing to flowering (HD) showed little varia­
bility among or within matings (Table 13), In all matings 
except D239 and D250, parents were never more than two days 
apart inHD, so offspring means frequently were identical to those 
of one parent or the other. When the parents were three or four 
days apart, the offspring means fell between the two parents. 
Considering only Fg-derived line means, matings with the 
best GYD's were also among the best for other traits. All 
matings that showed high GR ranked in the upper half for G YD 
with the exception of D250. Among those which were best for 
grain production were matings with unrelated parents. Mating 
D250 was unusual. While having the poorest mean GYD of all 
matings, it had high values for SYD, BWT, and GR. It ranked 
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last for HI and HD. The delay in flowering may have caused 
D250 to be more severely affected than the other matings by 
the heat during grain filling, thus, reducing GYD. Poor 
GYD, due to the high temperature, also would account for the 
low HI. Considering its high GR and SYD, D250 might have the 
potential for good GYD in a season with good weather during 
grain filling. Certainly, the lines from this mating should 
be tested again in a year when grain filling is not restricted 
so severely as in 1978. 
Growth Rate 
F2 and midparent values 
Comparisons of F^ -derived line means and midparent (MP) 
values can be indicators of the type of gene action involved 
in the inheritance of a trait. When the Fg-derived line mean 
and MP value are not different, it is indicative of additive 
gene action, whereas sizable discrepancies between an F2 
mean and MP value suggest the involvement of some degree of 
dominance and/or epistasis. Previous work by Takeda et al. 
(1979) suggested the GR was controlled by additive gene action 
in most oat matings, but with some parent combinations, 
nonadditive gene action probably was at work. 
Parental and midparent GR's and minimal, maximal, and 
mean GR's for Fg-derived lines are presented in Table 14. 
Means of the progeny were close to the midparent values for 
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Table 14. Parental and midparent values and minimum, maximal, 
and mean growth rates for F^-derived lines from 
twelve oat matings grown at Ames and Nashua, 1978 
Parental values Fg-derived line values 
Mating 
no. Pi P2 MP Mean Min. Max. 
D237 0.93 0.83 0.88 0.89 0.75 1.04 
D238 0.91 0.76 0.83 0.82 0.73 0.97 
D239 0.77 0.66 0.72 0.71 0.51 0.91 
D241 0. 83 0.75 0.79 0.76** 0.51 0.92 
D242 0.83 0.81 0.82 0.79** 0.60 0.97 
D245 0.88 0.86 0.87 0.82** 0.64 1.05 
D246 0.81 0.88 0.84 0.79** 0.56 0.93 
D248 0.88 0.87 0.88 0.80** 0.64 0.98 
D249 0.90 0.80 0.85 0.84 0.47 1.12 
D250 0.84 0.86 0.85 0.86 0.54 1.10 
D251 0.86 0.88 0.87 0.86 0.56 1.18 
D252 0.71 0.89 0.80 0.79 0.43 1.07 
**Indicates F2 means and MP values which are signifi­
cantly different at the 1% level. 
GR in most matings. Progeny means and MP values were usually 
within 0.01 q/da/ha of each other, and the largest discrep­
ancy was in mating D248 where the F^  and MP values were 0.08 
q/da/ha apart. Among the twelve comparisons for F^ -derived 
line means and MP values, five were significantly different 
at the 1% level and all except D237 and D250 had Fg means 
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lower than the corresponding midparent values. Significant 
differences between these values appeared most frequently 
with matings involving two A. sterilis derived lines. The 
close agreement between Fg and MP values in so many cases 
suggests that additive gene action is of major importance in 
the inheritance of GR, but the possibility exists that domi­
nance and/or epistasis are involved in some matings. The 
latter two types of gene action could account for the cases 
where means and midparent values differ significantly. Of 
course, many factors could alter the expression of gene action 
for GR such as linkage, multiple allelism, etc. 
Unlike the data of Takeda and Frey (1977) who worked with 
interspecific matings, few cases occurred in my study where 
there were large differences between Fg means and MP values. 
The source of the difference between my results and those of 
Takeda and Frey (1977) could be in the different amount of A. 
sterilis germplasm present in the materials I studied. When 
Takeda et al. (1979) studied intraspecific oat matings, 
they also found that the principal type of gene action con­
trolling GR was additive. 
Genotypic variances for GR from the twelve matings are 
listed in Table 15. The highest and lowest values were 0.0060 
for D250 and 0.0018 for D238. As one might expect, matings 
of unrelated parents had the largest genotypic variances. For 
example, at Ames, the mean genotypic variance for matings with 
unrelated parents (D250, D251, and D252) was 0.0053, whereas 
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Table 15. Genotypic variances 
oat matings grown at 
for growth rate from twelve 
Ames and Nashua, 1978 
Mating no. Genotypic variance 
D237 0.0022 
D238 0.0018 
D239 0.0050 
D241 0.0027 
D242 0.0032 
D245 0.0036 
D246 0.0040 
D248 0.0027 
D249 0.0033 
D250 0.0060 
D251 0.0052 
D252 0.0046 
for matings with parents of common origins, it was 0.0032. 
Magnitude of the genotypic variance is an important concern 
when contemplating selection. As indicated by these values, 
matings of unrelated parents should be preferable for selec­
tion purposes to those matings of parents with common origins. 
Matings that produced segregates with the highest GR's 
were D237, D245, D249, D250, D251, and D252. Some high OR 
segregates were found among matings which were mediocre in 
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terms of GR variances and mean GR's for offspring and parents. 
D251, a mating of unrelated parents, had a large genotypic 
variance for GR and produced some of the top GR segregates 
(1,18, 1.11, and 1.10 q/da/ha). Overall, high GR segregates 
tended to occur in matings with large genotypic variances 
for GR. 
Another way to evaluate or judge the maximum Fg-derived 
line values for GR is in terms of percent improvement over 
the high parent in a mating. Maximum values for F2-derived 
lines ranged from 104% to 134% of their respective high 
parents. The matings that produced segregates with GR's 
considerably above the high parent usually had either CI 9268 
or CI 9273 as one parent. The common factor here is that 
both CI 9268 and CI 9273 are descendants of the mating 
Clintford x B443. 
Fg-derived line segregation 
Frequency distributions of GR's for Fgi-derived lines for 
the twelve matings when tested in Ames and Nashua are given 
in Table 16. For matings D241, D246, D249, D250, and D251, 
the distributions may not seem continuous. Probably this has no 
significance; most likely it is simply a reflection of inade­
quate sampling. The backcross populations of sativa x 
A. sterilis studied by Takeda and Frey (1977) for GR showed a 
similar lack of discrete classes suggesting polygenic inheri­
tance. 
Table 15, Distribution of F^-derived line values for growth 
rate of twelve oat matings grown at Ames and 
Nashua, 1978 
Mating Growth rate (q/da/ha) 
no. 0.50 0.55 0.60 0.65 0.70 0.75 0.80 
2^ 
D237 2 2 
2^ 
D238 3 7 
2^ Pi 
D239 2 10 7 15 19 6 15 
2^ 
D241 1 2 4 6 4 9 
D242 4 7 12 15 16 
D245 2 6 2 17 
Pi 
D246 2 12 5 5 
D248 4 17 15 24 
2^ 
D249 1 10 9 11 
D250 1 1 1 1 6 3 8 
D251 1 3 7 10 13 
Pi 
D252 1 1 2 7 10 17 15 
). 85 
7 
5 
5 
?! 
5 
'2^ 1 
15 
2^ 1 
6 
2^ 
3 
2^ 1 
15 
18 
1^ 2 
7 
1^ 2 
13 
2^ 
20 
35 
Growth rate (g/da/ha) 
0.90 0.95 1.00 1.05 1.10 1.15 1.20 
Pi 
2 2 2 
Pi 
1 1 
3 
2 
10 3 
3 3 1 
5 
3 4 
Pi 
17 7 3 1 3 
8 7 4 1 
11 12 5 1 2 1 
4  1 1 1  
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Effective factors 
The number of effective factor pairs was calculated to 
indicate the minimum number of loci involved in determining GR 
for each mating. Although the exact genetic interpretation of 
this statistic is somewhat ambiguous, it can indicate whether 
a trait may be treated as simply inherited or must be con­
sidered to be under polygenic control in a particular mating. 
The numbers of effective factors estimated for a mating 
from Ames and Nashua data combined averaged 6.2 (Table 17). 
When mean number of effective factors was compared for related 
vs. unrelated matings, the values are 5,6 vs. 7.9, This was 
interpreted to mean that more loci were involved in the 
inheritance of GR in matings of unrelated parents than in 
those where the parents are closely related. In all cases, 
estimates of the number of effective factors suggest that GR 
should be treated as a quantitatively inherited trait. 
Positive transgressive segregates 
Positive transgressive segregates for GR in a mating were 
defined as those that possessed a GR greater than the high 
parent mean by 1.96 times the standard error of a line mean. 
By using such a conservative definition of the limit beyond 
which a line is positively transgressive, one would expect 
a very small percentage of the lines, i.e., much less than 5%, 
to fall in this category due to chance alone. In many matings, 
there were no positive transgressive Fg-derived lines, whereas 
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Table 17. Minimum number of effective factor pairs by which 
parents in the twelve oat matings differed for 
growth rate when tested at Ames and Nashua, 1978 
Minimum number 
of effective 
Mating no. factor pairs 
D237 4.1 
D238 3.7 
D239 3.4 
D241 6.7 
D242 4.8 
D245 5.0 
D245 3.8 
D248 4.7 
D249 14.1 
D250 ' 5.8 
D251 8.1 
D252 9.8 
Mean 6,2 
8% of the Fg-derived lines in mating D250 (or 4 lines of the 
48 tested) were positively transgressive for GR (Table 18). 
Matings D250, D251, and D252, matings of unrelated parents, 
produced the most lines transgressive for GR. Two matings 
which involved two A. sterilis derived lines also yielded 
38 
Table 18. Number of positive transgressive segregates for 
growth rate from twelve oat matings tested at 
Ames and Nashua, 1978 
Parents Number positive 
Mating transgressive 
no. Female Male segregates 
D237 CI 9273 Clintford 0 
D238 CI 9273 Grundy 0 
D239 CI 9277 CI 8044 0 
D241 CI 9271 Clintford 0 
D242 Y286-53 Grundy 0 
D245 CI 9273 CI 9271 1 
D246 CI 9277 CI 9271 0 
D248 CI 9268 CI 9277 0 
D249 CI 9273 CI 9277 2 
D250 Dal CI 9268 4 
D251 Noble CI 9268 3 
D252 Otter CI 9268 1 
plus transgressive segregates, but not in such abundance as 
the matings of unrelated parents. 
Heritability 
Heritability values for GR (Table 19) ranged from 0.07 
for D237 to 0.22 for D250 with a value around 0.1 most common. 
The mean heritability for all matings was 0.14, but for 
unrelated matings it was 0.18; the mean for all other 
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Table 19. Heritability values for six traits in twelve oat 
matings grown at Ames and Nashua, 1978 
Mating 
no. GYD HI SYD BWT GR HD 
D237 0.12 0.06 0.10 0.11 0.07 0.60 
D238 0.11 0.19 0.13 0.12 0.08 0.04 
D239 0.18 0.06 0.25 0.26 0.20 0.17 
D241 0.15 0.08 0.12 0.13 0.10 0.08 
D242 0.12 0.01 0.13 0.15 0.14 0.09 
D245 0.20 0.13 0.21 0.22 0.19 0.07 
D246 0.11 0.06 0.17 0.15 0.15 0.08 
D248 0.31 0.06 0.17 0.19 0.12 0.18 
D249 0.31 0.04 0.14 0.21 0.09 0.31 
D250 0.26 0.25 0.25 0.25 0.22 0.05 
D251 0.26 0.04 0.18 0.21 0.14 0.45 
D252 0.24 0.23 0.21 0.21 0.17 0.11 
Mean 0.20 0.10 0.17 0.18 
H
 
O
 0.18 
matings was 0.13. 
The heritability values found in this study were lower 
than the 0.2 and 0.4 reported for intra- and interspecific 
oat matings by Takeda et al. (1979). It is not possible 
to differentiate whether the lower heritability values I found 
are a characteristic of the germplasm I used or whether they 
are a manifestation of the 1978 environment. Because the 
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growing season was relatively normal for vegetative develop­
ment in 1978, it is likely that the low heritability values 
herein reflect a lack of genetic variability for GR in the 
available cultivated oats. 
Predicted gains from selection 
The study of expected genetic gains that can be made in 
GR takes on real economic importance when the impact of this 
trait upon GYD is considered. Takeda et al. (1979) 
hypothesized that increasing GR was the most likely, and 
perhaps only, way to elevate GYD (assuming HI was held con­
stant) for oats grown in the Iowa environment. Five selec­
tion schemes were simulated for the populations of Fg-derived 
oat lines from the twelve matings grown at Ames and Nashua 
to demonstrate the relationship between GR, HI, and GYD, and 
to illustrate the effect that selection for one of the traits 
had upon the other two. As explained earlier, selection for 
the best 10% of each mating was made for G YD, HI, GR, HI+GR, 
and GYD+HI+GR. Note that selection for the two summation 
indexes was done on a "standard-unit" basis, so all traits in 
an index would receive equal weight. Lines for the first 
three schemes were chosen solely on the basis of trait means, 
whereas the selections made via the summation indexes were 
chosen on the basis of standard-unit sums. Means for GYD, 
HI, and GR of the samples of lines selected via these five 
selection criteria are shown in Tables 20 to 24, respectively. 
Table 20. Means, gains, and percent gains of selected samples from twelve oat mat-
ings when the best 10% of F^-derived lines from each mating was selected 
for grain yield 
GYD HI GR 
Mating Mean^  ——% Mean^  —- Mean^  
no. (q/ha) q/ha % (%) % % (q/da/ha) q/da/ha % 
D237 34.0 6.5 24 34 1 3 1.01 0.12 13 
D23 8 33.6 4.3 14 36 1 3 0.89 0.07 8 
D239 33.3 6.5 24 38 1 3 0.86 0.15 21 
D241 32.3 5.1 19 38 2 6 0.82 0.06 8 
D242 33.2 5.8 21 36 2 6 0.92 0.13 16 
D245 36.1 7.2 25 36 1 3 0.98 0.16 19 
D246 31.4 4.3 16 36 1 3 0.87 0.08 9 
D248 31.8 5.5 21 35 1 3 0.88 0.08 9 
D249 38.5 8.5 28 38 3 9 0.96 0.12 14 
D250 33.7 7.7 30 33 3 10 1.01 0.15 18 
D251 37.1 8.6 30 36 3 9 0.98 0.12 15 
D252 35.6 6.9 24 36 1 3 0.89 0.10 12 
Mean 34 0 2 6.4 23 36 2 5 0.92 0.11 14 
M^ean of selected samples. 
G^ain from selection, i.e., mean of selected sample minus population mean. 
P^ercent gain. 
Table 21. Means, gains, and percent gains of selected samples from twelve oat mat-
ings when the best 10% of F^-derived lines from each mating was selected 
for harvest index 
Mating 
no. 
Gl'D HI GR 
Mean^  
(q/ha) 
Gain Mean^  
(%) 
Gain Mean^  
(q/da/ha) 
Gain 
q/ha^  q/da/ha^  
D237 28.7 1.2 4 41 8 24 0.81 1 o
 
o
 
00
 
-8 
D238 32.4 3.1 10 39 4 11 0.79 -0.03 -4 
D239 31.2 4.4 16 41 4 11 0.71 0 0 
D241 31.4 4.2 11 40 4 11 0.71 -0.05 -7 
D242 29.5 2.1 8 37 3 9 0.78 1 o
 
o
 
H
 
-1 
D245 33.5 4.6 16 37 2 6 0.87 0.05 5 
D246 28.7 1.6 6 38 3 9 0.71 
CO o
 
0
 1 -11 
D248 29.6 3.3 13 38 4 12 0.79 -0.01 -1 
D249 32.1 2.1 7 42 7 20 0.67 -0.17 -20 
D250 29.4 3.4 13 35 5 17 0.83 1 o
 
o
 
w
 
—2 
D251 32.5 4.0 14 38 5 15 0.82 -0.04 -4 
D252 31.1 2.4 8 39 4 11 0.72 1 o
 
0
 
01
 
-10 
Mean 30.8 3.0 11 39 4 13 0.77 
o
 
0
 1 -5 
M^ean of selected sample. 
G^ain from selection, i.e., mean of selected sample minus population mean. 
P^ercent gain. 
Table 22. Means, gains, and percent gains of selected samples from twelve oat mat­
ing s when the best 10% of F^-derived lines from each mating was selected 
for growth rate 
Mating 
no. 
GYD HI GR 
Mean^  
(q/ha) 
Gain Mean^  
(%) 
Gain Mean^  
(q/da/ha) 
Gain 
q/ha^  q/da/ha^  
D237 30.3 2.8 10 30 -3 -9 1.03 0.14 16 
D238 33.6 4.3 14 36 1 3 0.94 0.12 14 
D239 32.7 5.9 14 36 -1 -3 0.89 0.18 26 
D241 30.5 3.3 12 34 -2 -6 0.91 0.15 20 
D242 32.6 5.2 20 35 1 3 0.93 0.14 18 
D245 34.7 5.8 20 35 0 0 1.00 0.18 21 
D246 30.6 3.5 13 33 -2 -6 0.92 0.13 16 
D248 30.0 3.7 14 32 -2 -6 0.94 0.14 17 
D249 35.1 5.1 17 34 -1 -3 1.05 0.21 24 
D250 31.7 5.7 22 30 0 0 1.04 0.18 21 
D251 35.3 6.8 24 33 0 0 1.06 0.20 24 
D252 32.1 3.4 12 33 -2 -6 0.95 0.16 20 
Mean 32.3 4.6 17 33 -1 -3 0.97 0.16 20 
M^ean of selected sample. 
G^ain from selection, i.e., mean of selected sample minus population mean. 
'^ Percent gain. 
Table 23. Means, gains, and percent gains of selected samples from twelve oat mat-
ings when the best 10% of Fg-derived lines from each mating was selected 
for HI+GR 
Mating 
no. 
GYE HI GR 
Mean^  
(q/ha) 
Gain Mean^  
(%) 
Gain Mean^  
(q/da/ha) 
Gain 
q/ha^  q/da/ha^  
D237 32.3 4.8 18 40 7 21 0.87 -0.02 -2 
D238 33.6 4.3 14 36 1 3 0.94 0,12 14 
D239 32.5 5.7 21 39 2 5 0.79 0.08 12 
D241 30.8 3.6 13 38 2 6 0.82 0.06 8 
B242 32.8 5.4 20 35 1 3 0.93 0.14 18 
D245 35.7 6.8 24 36 1 3 0.98 0.16 19 
D246 30 c 8 3.7 14 38 3 9 0.79 0 0 
D248 31.4 5.1 20 36 2 6 0.88 0.08 9 
D249 38.4 8.4 28 37 2 6 1.01 0.17 19 
D250 33.7 7.7 30 33 3 10 1.01 0.15 18 
D251 36.8 8.3 30 35 2 6 1.05 0.19 22 
D252 35.3 6.6 23 36 1 3 0.91 0.12 15 
Mean 33.7 5.9 21 37 2 7 0.92 0.10 13 
e^an of selected sample. 
G^ain from selection, i.e., mean of selected sample minus population mean. 
P^ercent gain. 
Table 24. Means, gain, and percent gains of selected samples from twelve oat mat-
ings when the best 10% of Fg-derived lines from each mating was selected 
for GYD+HI+GR 
GYD HI GR 
Mating 
no. 
Mean^  
(q/ha) 
Gain Mean^  
(%) 
Gain Mean^  
(q/da/ha) 
Gain 
q/ha^  q/da/ha^  
D237 34.0 6.5 24 34 1 3 1.01 0.12 13 
D238 33.6 4.3 14 36 1 3 0.94 0.12 14 
D239 33.3 6.5 24 38 1 3 0.83 0.12 18 
D241 32.3 5.1 19 38 2 6 0.82 0.06 8 
D242 33.2 5.8 21 36 2 6 0.92 0.13 16 
D245 36.1 7.2 25 36 1 3 0.98 0.16 19 
D246 31.4 4.3 16 36 1 3 0.87 0.08 9 
D248 31.4 5.1 20 36 2 6 0.88 0.08 9 
D249 38.4 8.4 28 37 2 6 1.01 0.17 19 
D250 33.7 7.7 30 33 3 10 1.01 0.15 18 
D251 36.9 8.4 30 36 3 9 1.02 0.16 19 
D252 35.3 6.6 23 36 1 3 0.91 0.12 15 
Mean 34.1 6.3 23 36 2 5 0.93 0.12 15 
M^ean of selected sample. 
G^ain from selection, i.e., mean of selected sample minus population mean. 
P^ercent gain. 
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Population means were given in Tables 8, 9, and 10, 
When selection was practiced for GYD, improvement ranged 
from 14 to 30% of the means of the original populations with 
a mean of 23% (Table 20). Of the components of GYD, GR was 
improved 14%, whereas HI showed only a 5% improvement. The 
highest mean GYD from selection was 38.5 q/ha for mating D249, 
where response to selection was 28% over the total offspring 
mean in this mating. Even when means of the selected samples 
were low, e.g., D248 with a mean GYD of 31.4, considerable 
improvement over the population means occurred. Improvement 
in mean HI with GYD selection was fairly small. Two matings, 
D241 and D249, had Hi's elevated to 38%, but these represented 
only 3% and 9% increases over the unselected population means. 
GYD selection resulted in GR's ranging from 1.01 to 0.82 q/da/ 
ha. In matings D245 and D250, the improvements over the 
original populations were 19% and 18%, respectively. 
Selection for HI gave lower GYD's and GR's but higher 
HI'S than did selection for GYD (Table 21). Mean GYD's for 
all matings increased only 11%. Percentage improvement for 
HI ranged as high as 24% (D237) and the overall increase was 
13%. This selection method was the most effective of the five 
schemes for elevating HI. In all matings except D245, HI 
selection caused either no change or a decrease in GR which 
ranged from 1 to 20%. 
Selection for GR caused good advances for this trait, 
but only moderate gains for GYD, and negligible advances for 
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HI (Table 22). Among matings, the improvements in GYD ranged 
from 10 to 24% over the unselected population means. The ef­
fect of GR selection on HI values was small in magnitude with 
most matings showing either no change or a small decrease for 
this trait, GR selection, however, was very effective in 
altering the mean of the trait itself. Overall, mean GR of 
the selected samples was increased 20% over the unselected 
population means. 
By selecting for HI+GR, both HI and GR should be in­
creased, and improving these two traits should, in turn, cause 
an improvement in GYD. With this summation index for selec­
tion, all three traits showed sizable improvements from se­
lection (Table 23). The percent increases of selected sample 
mean over unselected population mean were as great as 30% for 
GYD, 21% for HI, and 22% for GR, Overall, the percent in­
creases for HI and GR both were lower than that for GYD, even 
though GYD was not directly involved in this selection scheme. 
The importance of selecting for HI+GR simultaneously, rather 
than individually, is that neither trait is likely to regress 
materially as the other advances. With selection for HI 
alone, GR declined, and vice versa. When HI or GR was selected 
alone, GYD improvement was less than when selection was for 
HI+GR together. And, as expected, improvements in HI and GR 
had a beneficial influence on GYD. 
In the final selection scheme, GYD+HI+GR were considered 
together, and selection made on the summation of all three at 
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once (Table 24). GYD and GR showed slightly better improve­
ment under this system than HI+GR, while improvement for HI 
was slightly less. Overall, selecting for GYD, HI, and GR 
simultaneously resulted in GYD advance equivalent to when 
this trait was selected alone. Of course, this presented the 
greatest gain possible for GYD. HI and GR advances were some­
what lower than when they were selected individually. 
Means for GYD, HI, and GR are shown in individual tables 
to allow a comparison among the means of samples selected 
under the five selection schemes (Tables 25, 26, 27). Com­
parisons of the means for each trait as a percentage of that 
when selection was for the trait itself are presented in 
Tables 28, 29, 30. In all cases, selection for one of the 
traits, by itself, gave the highest mean for that trait. 
These values were set at 100% to compute the values in Tables 
28, 29, and 30. Selection via GYD+HI+GR was as effective in 
advancing GYD as was selecting for GYD alone. The next best 
system was via the index HI+GR which was 98% as effective as 
selecting for GYD alone. Selection for GR alone gave 95% 
improvement, whereas selection for HI alone gave only 90% im­
provement. Selection via GYD, HI+GR, and GYD+HI+GR all were 
93 or 94% as effective for improving HI as was selection via 
HI alone. Selection for GR was only 86% as effective for 
improving HI as was HI alone. 
Where a breeder was attempting to select oat lines with 
very high GYD as potential cultivars, the most practical 
49 
Table 25, Means for grain yield (q/ha) when the best 10% of 
F2-derived lines in a mating was selected for GYD, 
HI, GR, HI+GR, and GYD+HI+GR 
Mating 
no. GYD 
Selection for: 
HI GR HI+GR GYD+HI+GR 
D237 
D238 
D239 
D241 
D242 
D245 
D246 
D248 
D249 
D250 
D251 
D252 
34.0 
33.6 
33.3 
32.3 
33.2 
36.1 
31.4 
31.8 
38.5 
33.7 
37.1 
35.6 
28.7 
32.4 
31.2 
31.4 
29.5 
33.5 
28.7 
29.6 
32.1 
29.4 
32.5 
31.1 
30.3 
33.6 
32.7 
30.5 
32.6 
34.7 
30.6 
30.0 
35.1 
31.7 
35.3 
32.1 
32.3 
33.6 
32.5 
30.8 
32.8 
35.7 
30.8 
31.4 
38.4 
33.7 
36.8 
35.3 
34.0 
33.6 
33.3 
32.3 
33.2 
36.1 
31.4 
31.4 
38.4 
33.7 
36.9 
35.3 
Mean 34.2 30.8 32.3 33.7 34.1 
selection criterion, obviously, would be GYD itself or the 
summation index GYD+HI+GR. Both gave equivalent GYD improve­
ment. Selection for HI alone was the least effective for 
improving GYD. However, if one were selecting a group of lines 
for intercrossing to initiate another cycle of yield improve­
ment, it might not be desirable to place much emphasis directly 
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Table 26, 
Mating 
no. 
D237 
D238 
D239 
D241 
D242 
D245 
D246 
D248 
D249 
D240 
D251 
D252 
Means for harvest index (%) when the best 10% of a 
F2-derived lines in a mating was selected for GYD, 
HI, GR, HI+GR, and GYD+HI+GR 
HI 
41 
39 
41 
40 
37 
37 
38 
38 
42 
35 
38 
39 
Selection for; 
GR GYD HI+GR GYD+HI+GR 
34 34 40 34 
36 36 36 36 
36 38 39 38 
34 38 38 38 
35 36 35 36 
35 36 36 36 
33 36 38 36 
32 35 36 36 
34 38 37 37 
30 33 33 33 
33 36 35 36 
33 36 36 36 
Mean 39 33 36 37 36 
upon GYD. A better scheme would be to select for lines that, 
upon crossing, would give a segregating population in which 
there was a high degree of genetic variation for both GR and 
HI and the opportunity for recombination of these traits. 
It is noteworthy that selection for HI+GR improved GYD 
more, proportionately, than either of the two traits under 
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Table 27. Means for growth rate (q/da/ha) when the best 10% 
of F2-derived lines in a mating was selected for 
GYD, HI, GR, HI+GR, and GYD+HI+GR 
Mating 
no. GR 
Selection fori 
GYD HI HI+GR GYD+HI+GR 
D237 
D238 
D239 
D241 
D242 
D245 
D246 
D248 
D249 
D250 
D251 
D252 
1.03 
0.94 
0.89 
0.91 
0.93 
1.00 
0.92 
0.94 
1.05 
1.04 
1.06 
0.95 
1.01 
0.89 
0 . 8 6  
0 .82  
0.92 
0.98 
0.87 
0 . 8 8  
0.96 
1.01 
0.98 
0.89 
0.81 
0.79 
0.71 
0.71 
0.78 
0.87 
0.71 
0.79 
0.67 
0.83 
0 . 8 2  
0.72 
0.87 
0.94 
0.79 
0 . 8 2  
0.93 
0.98 
0.79 
0 . 8 8  
1.01 
1.01 
1.05 
0.91 
1.01 
0.94 
0.83 
0 . 8 2  
0.92 
0.98 
0.87 
0 . 8 8  
1.01 
1.01 
1.02 
0.91 
Mean 0.97 0.92 0.77 0.92 0.93 
selection. This is an indication of the critical contribution 
HI and GR can make towards determining GYD, Takeda et al. 
(1979) had hypothesized that HI and GR could have this 
effect on GYD. The results of actual selections will be of 
value in verifying these simulations. 
A statistic which can be very useful to breeders contem-
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Table 28. Grain yields selected via GYD, HI, GR, HI+GR, and 
GYD+HI+GR when expressed as a percent of that when 
selection was for GYD alone 
Mating 
no. 
D237 
D238 
D239 
D241 
D242 
D245 
D246 
D248 
D249 
D250 
D251 
D252 
GYD 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
Selection for: 
HI 
84 
96 
94 
94 
89 
93 
91 
93 
83 
87 
87 
87 
GR 
89 
100 
98 
94 
98 
96 
97 
94 
91 
94 
95 
91 
HI+GR GYD+HI+GR 
95 
100 
98 
95 
99 
99 
98 
99 
100 
100 
99 
99 
100 
100 
100 
100 
100 
100 
100 
99 
100 
100 
99 
99 
Mean 100 90 95 98 100 
plating utilizing a particular trait or method for selection 
is the gain per cycle of selection, or G^ . This value in­
corporates the selection differential (mean of the selected 
sample minus the population mean) of a trait with its heri-
tability to give a realistic estimate of the advance which 
can be expected to occur in a population after one cycle of 
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Table 29. Harvest indexes selected via GYD 
and GYD+HI+GR when expressed as 
when selection was for HI alone 
, HI, GR, 
a percent 
HI+GR, 
of that 
Mating 
no. 
Selection : for: 
HI GR GYD HI+GR GYD+HI+GR 
D237 100 74 82 98 81 
D238 100 92 94 92 92 
D239 100 88 92 96 93 
D241 100 85 94 94 94 
D242 100 94 96 95 96 
D245 100 94 96 96 96 
D246 100 86 95 99 96 
D248 100 86 94 97 97 
D249 100 81 91 89 89 
D250 100 86 94 95 95 
D251 100 87 96 92 93 
D252 100 84 93 92 92 
Mean 100 86 94 94 93 
selection. values have been calculated for G YD, HI, and 
GR using each of the five selection methods previously 
described. 
Genetic gains for GYD could be as great as 2.6 q/ha per 
cycle of selection for D249 (GYD, HI+GR, GYD+HI+GR) or as low 
as 0.1 q/ha (D237 for HI selection) (Table 31). A comparison 
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Table 30, Growth rates selected via GYD 
GYD+HI+GR when expressed as a 
selection was for GR alone 
, HI, GR. HI+GR, and 
percent of that when 
Mating 
no. 
Selection for; 
GR GYD HI HI+GR GYD+HI+GR 
D237 100 98 79 84 98 
D238 100 94 84 100 100 
D239 100 96 80 89 94 
D241 100 90 78 90 90 
D242 100 99 84 100 99 
D245 100 99 87 99 99 
D245 100 94 77 86 94 
D248 100 93 84 93 93 
D249 100 92 64 96 96 
D250 100 97 80 97 97 
D251 100 93 78 99 96 
D252 100 93 75 96 96 
Mean 100 95 79 94 96 
of the mean genetic gains for the five methods reiterates 
that GYD selection and cumulative selection for GYD+HI+GR 
would be, most likely, the best means of increasing GYD. 
Genetic gains for HI were much smaller, with selection 
for HI unquestionably being the best method of improving HI, 
yet only advancing HI 0.4% per cycle of selection (Table 32). 
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Table 31. Genetic gains per cycle of selection for GYD (q/ha) 
when selected via GYD, HI, GR, HI+GR, and GYD+HI+GR 
Selection for: Mating 
no. GYD HI GR HI+GR GYD+HI+GR 
D237 0.8 0.1 0.3 0.6 0.8 
D238 0.5 0.3 0.4 0.4 0.4 
D239 1.2 0.8 1.1 1.0 1.2 
D241 0.8 0.6 0.5 0.5 0.8 
D242 0.7 0.2 0.6 0.6 0.7 
D245 1.4 0.9 1.2 1.4 1.4 
D246 0.5 1.8 0.4 0.4 0.4 
D248 1.7 1.0 1.1 1.6 1.6 
D249 2.6 0.6 1.6 2.6 2.6 
D250 2.0 0.9 1.5 2.0 2.0 
D251 2.2 1.0 1.8 2.2 2.2 
D252 1.6 0.6 0.8 1.6 1.6 
Mean 1.3 0.7 0.9 1.2 1.3 
Basing selection on GR actually resulted in negative G^ 
values for HI, while the other three selection schemes gave 
average genetic gains of 0.2% per cycle. 
Genetic gains for GR were interesting, in that all meth­
ods of selection, except for HI, had equal averages (Table 33). 
The low heritability of GR equalized G^ values even though 
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Table 32. Genetic gains per 
when selected via 
cycle of selection for HI (%) 
GYD, HI, GR, HI+GR, and GYD+HI+GR 
Mating 
no. 
Selection for: 
GYD HI GR HI+GR GYD+HI+GR 
D237 0.1 0.5 -0.2 0.4 0.1 
D238 0.2 0.8 0.2 0.2 0.2 
D239 0.1 0.2 -0.1 0.1 0.1 
D241 0.2 0.3 -0.2 0.2 0.2 
D242 0 0.1 0 0 0.1 
D245 0.1 0.3 0 0.1 0.1 
D246 0.1 0.2 -0.1 0.2 0.1 
D248 0.1 0.2 -0.1 0.1 0.1 
D249 0.1 0.3 0 0.1 0.1 
D250 0.8 1.2 0 0.8 0.8 
D251 0.1 0.2 0 0.1 0.2 
D252 0.1 0.9 -0.5 0.2 0.2 
Mean 0.2 0.4 -0.1 0.2 0.2 
considerable differences existed when GR means of the best 
10% from each mating were compared. 
Considering genetic gains for these five methods of selec­
tion, the most practical selection criterion would be GYD it­
self or the summation index GYD+HI+GR. Both gave equal gains 
for G YD, HI, and GR. 
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Table 33. Genetic gains per 
ha) when selected 
GYD+HI+GR 
cycle of selection for 
via GYD, HI, GR, HI+GR 
GR (q/da/ 
, and 
Mating 
no. 
Selection fori 
GYD HI GR HI+GR GYD+HI+GR 
D237 0.01 -0.01 0.01 0 0.01 
D238 0.01 0 0.01 0.01 0.01 
D239 0.03 0 0.04 0.02 0.02 
D241 0.01 -0.01 0.02 0.01 0.01 
D242 0.02 -0.01 0.02 0.02 0.02 
D245 0.02 0.01 0.03 0.03 0.03 
D246 0.01 -0.01 0.02 0 0.01 
D248 0.01 0 0.02 0.01 0.01 
D249 0.01 -0.01 0.02 0.01 0.01 
D250 0.03 0.01 0.04 0.03 0.03 
D251 0.02 -0.01 -0.03 0.03 0.02 
D252 0.02 0.01 0.03 0.02 0.02 
Mean 0.02 -0.004 0.02 0.02 0.02 
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Other Traits 
Mean performance of GR, G YD, HI, S YD, BlfT, and HD for 
each of twelve matings was presented in Tables 8 to 13, High 
GR characterized matings which were well-ranked for GYD, 
with the exception of D250 (Table 9). Also, those matings 
with high GYD's tended to have superior performance for other 
traits. 
All GYD means were low in 1978 as a result of extreme 
heat during grain filling. It is likely that the repeatability 
of these values, if tested in succeeding years, will be poor. 
Rankings might even change since certain genotypes may have 
been more severely affected than others. The behavior of F2-
derived line means relative to parental means for GYD is 
similar to that of other traits; most Fg-derived line means 
were intermediate to parental ones. In the two exceptions, 
lines from D249 averaged 0.9 q/ha above the high parent 
whereas lines from D251 averaged 2.9 q/ha below the low parent. 
Of the six traits assayed herein, GYD was the most highly 
heritable (Table 19). Values ranged from 0.11 (D238, D246) 
to 0.31 (D248, D249)o The mean heritability of unrelated mat­
ings (D250, D251, D252) was 0.25, while that of the remaining 
matings was 0.18. Based on a comparison such as this, it might 
seem preferable to utilize matings of unrelated parents in 
hopes of realizing better GYD advances. 
None of the F^-derived line means for HI exceeded parental 
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values; however, two matings had means below both parents 
(Table 10), Probably, the mediocrity of GYD's in 1978 has 
been reflected in lower Hi's. Heritability values for HI were 
the lowest of all traits, averaging only 0.10 (Table 19). 
Means and heritabilities for SYD and BWT were 
similar (Tables 11, 12 and 19). Offspring means tended to be 
intermediate to the parents. In one instance, mating D251, 
the Fg-derived line mean exceeded the mean of the high parent, 
but only by 0.9 q/ha. For BWT, those F^-derived line means 
which were not intermediate to parent values fell below the 
means of both parents. Differences were not substantial for 
any, except D248, where the offspring averaged 9.0 q/ha less 
than the low parent. Heritabilities for SYD and BWT averaged 
0.17 and 0.18, respectively, with ranges of ca. 0.10 to 0.25. 
Parental and F^-derived line means for HD showed little 
difference among or within matings (Table 13). For most mat­
ings, parents were not more than two days apart in HD, When 
the parents were three or four days apart, the F2-derived line 
means fell between the two parents. 
Heading date had the greatest range of heritabilities of 
all traits with an average of only 0,18 (Table 19), D237 
held the high value of 0,60 while D238 represented the low of 
0.04. Heritabilities bore no relationship to mating type, 
1.e., unrelated matings had values no higher or more consis­
tent than other types of matings. It is quite unusual for 
HD heritabilities to be of such small magnitude or so variable. 
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The heat experienced at anthesis may have caused the normal 
expanse of HD's to be compressed into a few days. The small 
HD range in these data either represents such a compression 
or the similarity of the parents for this trait. Whatever 
the case may be, the result was a small genotypic variance, 
which, when used to calculate heritabilities, made them appear 
smaller than in a normal year. 
Interrelationship of Traits 
Phenotypic correlations among GR, GYD, HI, SYD, SWT, and 
HD were calculated over all twelve matings combined to give an 
overview of the interrelationship of these traits (Table 34). 
The strongest associations involved SWT, SYD, and GR. GR, 
calculated as SYD/HD, was almost perfectly correlated with 
SYD (0.99). Also, BWT, related to GR through the SYD compo­
nent (BWT-GYD=SYD), was highly associated with GR (0.95). The 
correlation of BWT with SYD was also extremely high. 
Phenotypic correlations with GYD underscored the impor­
tance that vegetative development must have on reproductive 
potential. Traits assaying vegetative growth such as GR and 
SYD had r^^^-values of 0.59 and 0.5 8, respectively. The 
strongest association with GYD was for BWT: 0.79. Associa­
tions of HI with SYD, BWT, and GR were moderately negative 
and, although the correlation between HI and GYD was the only 
positive one, it was not strong (0.31). The weakest associa­
tions were between HD and the other traits. 
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Table 34. Phenotypic correlations among six traits when 
pooled over twelve oat matings grown at Ames and 
Nashua, 1978 
Trait HI SYD BWT GR HD 
GYD 0.31** 0.58** 0.79** 0.59** 0.04 
HI -0.39** -0.18** -0.38** -0.05 
SYD 0.95** 0.99** 0.13** 
BWT 0.95** 0.12** 
GR 0.06* 
*,**Indicates values significantly different from zero 
at the 5% and 1% level, respectively. 
Genotypic and environmental correlations of GYD, HI, SWT, 
SYD, GR, and HD have been calculated for each mating indi­
vidually (Tables 35 and 36). As indicated by the phenotypic 
values, BWT was very highly correlated with GYD, both geno-
typically and environmentally. Thus, most of the genetic and 
environmental components which influence total plant develop­
ment also influence reproductive development. Additional 
support for this is lent by the genotypic and environmental 
correlations between GYD-HI, GYD-SYD, and GYD-GR, which were 
also high with r^-values being of greater magnitude than re­
values. Both associations were weak for GYD-HD. 
Genotypic correlations involving HI with other traits 
tended to be small. Values for HI-BWT were positive for many 
matings, while those for HI-SYD, HI-GR, and HI-HD were negative 
most often. Error correlations involving HI also tended to be 
Table 35. Genotypic correlations among six traits within 
twelve oat matings grown at Ames and Nashua, 1978 
Mating number 
•J. rd J.%. 
combination D237 D238 D239 D241 D242 
GYD-HI 0.91 0.52 0.25 0.59 0.48 
GYD-BWT 0.77 0.81 0.97 0.91 1.01 
GYD-SYD 0.45 0.56 0.92 0.75 1.01 
GYD-GR 0.63 0.57 0. 98 0.77 1.00 
GYD-HD -0.29 0.57 0.28 0.28 -0.41 
HI-BWT 0.25 -0.09 -0.01 0.17 0.82 
HI-SYD -0.19 -0.42 -0.15 -0.14 1.04 
HI-GR 0.07 -0.44 0.01 -0.05 0.95 
HI-HD -0.95 -0.22 -0.70 0.19 0.05 
BWT-SYD 0.90 0.94 0.99 0.96 1.01 
BWT-GR 0.96 0.94 1.00 0.94 1.00 
BWT-HD 0.38 0.90 0.54 0.30 -0.36 
SYD-GR 0.97 0.99 0.98 0.96 0.99 
SYD-HD 0.76 0.93 0.65 0.28 -0.32 
GR-HD 0.66 1.09 0.59 0.07 -0.36 
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Mating number 
D245 D245 D248 D249 D250 D251 D252 
0.65 0.30 0.64 0.64 0.75 0.85 0.66 
0.91 0.81 0.92 0.95 0.84 0.84 0.79 
0.78 0.63 0.80 0.87 0.62 0.59 0.54 
0.82 0.51 0.82 0.82 0.77 0.49 0.62 
0.12 0.22 0.53 0.26 -0.05 0.13 0.18 
0.28 -0.26 0.28 0.36 0.30 0.35 0.12 
0.03 -0.49 0.04 0.17 -0.02 -0.03 -0.24 
0.06 -0.79 -0.25 0.06 0.18 0.06 -0.10 
-0.21 -0.66 0.02 -0.59 -0.65 0.06 -0.21 
0.96 0.96 0.97 0.98 0.95 0.94 0.92 
0.99 0.94 0.94 0.89 0.98 0.67 0.91 
0.30 0.70 0.65 0.52 0.41 0.31 0.50 
1.01 0.76 0.94 0.89 0.96 0.66 0.94 
0.38 0.08 0.68 0.65 0.62 0.37 0.62 
0.58 0,42 0.84 0.11 0.10 0.01 0.10 
Table 36. Environmental correlations among six traits within 
twelve oat matings grown at Ames and Nashua, 1978 
Mating number 
i rait: 
combination D237 D238 D239 D241 D242 
GYD-HI 0.43** 0.56** 0.59** 0.53** 0.26** 
GYD-BWT 0.70** 0.85** 0.82** 0.88** 0.86** 
GYD-SYD 0.37** 0.64** 0.54** 0.70** 0.63** 
GYD-GR 0.36** 0.32** 0.55** 0.70** 0.62** 
GYD-HD -0.13 -0.02 1 o
 
o
 
M 0.03 -0.01 
HI-BWT -0.22** 0.07 0.06 0.11* -0.06 
HI-SYD -0.53** -0.24** -0.30** -0.16** -0.18** 
HI-GR -0.54** -0.23** -0.29** -0.16** -0.26** 
HI-HD -0.09 -0.01 1 o
 
o
 
0.08 0.02 
BWT-SYD 0.92** 0.94** 0.92** 0.96** 0.94** 
BWT-GR 0.92** 0.95** 0.92** 0.95** 0.94** 
BWT-HD -0.10 -0.01 0.01 -0.01 -0.02 
SYD-GR 1.00** 1.00** 0.99** 0.99** 1.00** 
SYD-HD 1 o
 
o
 
cr>
 H
 
O
 
O
 1 0.02 -0.02 -0.04 
GR-HD -0.12 -0.02 -0.02 -0.02 -0.04 
*,**Indicate values significantly different from zero at 
the 5% and 1% level, respectively. 
Mating number 
D245 D246 D248 D249 D250 D251 D252 
0.64** 0.53** 0.54** 0.64** 0.61** 0.22** 0.52** 
0.88** 0.83** 0.82** 0.62** 0.83** 0.79** 0.77** 
0.70** 0.59** 0.56** 0.21** 0.61** 0.55** 0.51** 
0.69** 0.66** 0.57** 0.21** 0.62** 0.58** 0.53** 
-0.05 -0.07 -0.01 0.06 -0.01 -0107 -0.06 
0.25** 0.02 0.01 -0.14** 0.10* -0.23** -0.04 
-0.04 -0.30** -0.32** -0.54** -0.20** -0.43** -0.37** 
-0.03 -0.15* -0.32** -0.54** -0.17** -0.42**' -0.36** 
-0.10* 0.02 -0.02 0.15** 0.05 -0.01 -0.02 
0.95** 0.94** 0.94** 0.89** 0.95** 0.94** 0.93** 
0.94** 0.94** 0.94** 0.90** 0.93** 0.96** 0.94** 
-0.01 -0.11 0.01 -0.03 -0.04 -0.07 -0.07 
0.99** 0.96** 0.99** 1.00** 0.97** 1.01** 1.00** 
, 0.02 -0.11 0.01 -0.07 -0.06 0.06 -0.06 
-0.03 -0.01 -0.03 -0.02 -0.02 -0.03 -0.02 
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moderately negative. 
SWT, SYD; and GR seem to be closely interrelated since 
all genotypic and error associations between BWT-SYD, BWT-GR, 
and SYD-GR were close to 1.00. Therefore, changes in either 
SWT, SYD, or GR should be reflected in both other traits. 
None of the associations involving HD were strong, either 
genotypically or environmentally, with the magnitude of geno­
typic correlations being greater than environmental correla­
tions. The strongest association was between SYD-HD, but even 
so, there was considerable variation among matings. Frequent­
ly, positive associations between later flowering and improved 
grain and biological yields are found. 
Mating D242 habitually had r^-values deviant from those 
of other matings. For most traits, the error mean square was 
quite large in comparison with the mean square for genotypes. 
Consequently, this caused the denominators used in calculating 
genotypic correlations to be small, thus inflating r^-values. 
Genotypic correlations involving GR correspond closely 
to those computed by Takeda and Frey (1977) and Takeda et al. 
(1979) where correlations of GR with HD were moderate, 
those for GR with BWT, S YD, and G YD were quite high, and HI 
was genotypically independent of GR, Error correlations be­
tween GR and HI were negative, indicating that GR and HI act 
compensatorily to make adjustments to minor environmental 
changes. The genotypic and error correlations of GYD with 
other traits also followed the pattern established by 
Takeda and Frey (1977) and Takeda et al. (1979). For GYD, 
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all traits showed strong positive genotypic correlations and 
positive error correlations, with the exception of HD. 
Because GR and HI were genotypically independent, it 
should be possible to combine high GR and a desirable HI into 
one genotype. Under Iowa conditions, high GR is doubly im­
portant to high GYD's because of the abbreviated growing 
season. High HI accompanied by poor vegetative development 
would not enhance GYD. 
Effect of Varying Environments 
The following results were compiled at Kanawha where 200 
genotypes were grown in six environments created by three 
variations in planting date and two levels of fertility. 
Combinations of these two factors were described in Table 2, 
Performances for GYD, HI, SYD, BWT, GR, and HD in each 
environment are detailed in Tables 37 and 38 and Figure 1. 
GYD was best under normal fertility (100 kg/ha N), with later 
planting subtracting 1.1 q/ha for each delay of 15 days. Low 
fertility conditions resulted in GYD's which were all below 
those of plantings at normal fertility levels, even when 
planting was delayed. In low fertility situations, a delay in 
planting from the normal date to one 15 days later was more 
costly (3.1 q/ha) than the next delay of 15 days (or 30 days 
after the original planting) which decreased GYD only half as 
much. Contrary to patterns for other traits, low fertility 
environments at each date of planting were associated with the 
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Table 37, Means for six traits for oats grown in six environ­
ments at Kanawha, 1978 
Environ­ GYD HI SYD BWT GR HD 
ment (q/ha) (%) (q/ha) (q/ha) (q/da/ha) (days) 
1I>0 19.7 42 26.6 46.3 0.41 65 
IHI 22.4 35 40.8 63.1 0.64 64 
2L0 16.6 39 25.9 42.8 0.47 56 
2HI 21.0 36 37.4 58.4 0.67 55 
3L0 15.1 35 26.4 41.5 0.54 48 
3HI 20.6 34 40.9 61.4 0.87 47 
Table 38. Changes in means of six traits at three dates of 
planting for oats at Kanawha, 1978 (0 kg/ha N 
environment expressed as a percent of the 100 kg/ 
ha N environment) 
Planting 
date G YD HI SYD BWT GR HD 
1 -12 + 20 -35 -27 -37 + 3 
2 -21 + 8 -31 -27 -30 + 2 
3 -27 + 5 -35 -32 -37 + 1 
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Figure 1. Change in means of grain yield, harvest index, and growth rate at 
three date of planting for oats grown at Kanawha in 1978 (zero 
fertility environment expressed as a percent of the normal fertility 
environment) 
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highest Hi's, while low fertility environments corresponded 
to lower GYD's, SWT's, SYD's, and GR's, generally. SYD was 
best under normal fertility conditions, but when no nitrogen 
was applied, the reduction was considerable (35%). GR in­
creased as planting was delayed, both under low and normal 
fertility levels. Low fertility GR's were always below those 
at normal levels. The least change caused by high and low 
fertility was experienced for HD where treatments with 0 and 
100 kg/ha nitrogen differed by only one day within each date 
of planting. Between dates of planting, each 15-day delay in 
sowing resulted in a 9-day delay in flowering. 
Studies of oat matings by Takeda and Frey (1977) and 
Takeda et al. (1979) have suggested that as HI is near optimum 
in midwestern oat cultivars, one way to improve GYD is by in­
creasing GR. The environments at Kanawha were created to test 
this hypothesis by following the fluctuations between GYD, HI, 
and GR. Unfortunately, the abnormality of the 1978 growing 
season and its effect on GYD has limited the usefulness of the 
data somewhat. The effects of these environments on GR can be 
seen, however. 
Changes in the means of GYD, HI, and GR for the three 
dates of planting at Kanawha have been expressed with low fer­
tility as a percentage of the normal fertility environment in 
Figure 1. The effect of low fertility on GYD and GR was magni­
fied with each successive date of planting, while the effect on 
HI was minimized. Takeda and Frey (1977) and Takeda et al. 
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(1979) had hypothesized that GR and HI could compensate for 
fluctuations in the other brought about by environmental 
changes, thereby maintaining a relatively constant GYD. For 
each planting date, the increase in HI was insufficient to off 
set the decline in GR, and GYD dropped. For the first date of 
planting, while GR decreased 37%, HI increase lagged behind at 
20%, The discrepancy between GR decline and HI increase wid­
ened for the second date of planting with changes in GR and HI 
-30% and +8%, respectively, and for the third date, -37% and 
+5% for GR and HI, respectively, GYD's declined steadily with 
values of -12%, -21%, and -27% for the three dates of planting 
respectively, 
Heritabilities in the Kanawha study were generally greate 
than those reported in the previous section. Pooling across 
2 2 2 2 environments, heritability was calculated as a ^/a ^ 
(Table 39), HD was the most highly heritable trait (0.63). 
This was followed by values for SWT, G YD, and SYD which were 
about 40% lower (0.26, 0,25, and 0,22, respectively). The 
lowest heritabilities were for HI and GR at 0.12 and 0.10, 
respectively, 
Heritabilities were also calculated on an individual 
2 2 2 
environment basis (a ^/a g+cT (Table 40), Values computed 
using this method were similar to those when environments were 
pooled. Heritabilities under high fertility situations were 
greater than those at low fertility for G YD, SWT, SYD, and GR, 
while low fertility conditions gave higher heritabilities for 
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Table 39. Heritability values for six traits in oats 
across six environments grown at Kanawha, 1978 
GYD HI S YD BWT OR HD 
0.25 0.12 0.22 0.26 0.10 0.63 
Table 40. Heritability values 
in six environments 
for six traits in oats 
at Kanawha, 1978 
grown 
Environment GYD HI S YD BWT GR HD 
ILO 0.23 0.12 0.16 0.24 0.12 0.75 
IHI 0.25 0.09 0.22 0.28 0.23 0.59 
2L0 0,28 0.28 0.19 0.23 0.22 0.84 
2HI 0.36 0.09 0.36 0.42 0.29 0.81 
3L0 0.21 0.21 0.27 0.24 0.18 0.61 
3HI 0.24 0.16 0.29 0.31 0.14 0.72 
Mean 0.26 0.16 0.25 0.29 0.20 0.72 
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HI. Differences in the magnitude of heritabilities between fer­
tility levels were most noticeable at the second date of planting. 
It was observed that heritability values at Kanawha were 
generally larger than those calculated for Ames and Nashua. 
The additional stresses imposed on plant development by sub­
normal fertility and planting delays may have caused a tele­
scoping of values for the traits under consideration. This, 
coupled with the more heterogeneous array of genotypes being 
tested together at Kanawha than at Ames or Nashua may have in­
creased the expectation of variability at Kanawha. Thus, the 
combination of and values derived under stress conditions 
with this particular set of genotypes may have inflated heri­
tabilities at Kanawha. 
Phenotypic correlations for the six traits have been com­
piled over all environments to provide an overview of the in­
terrelationship of these traits (Table 41). The strongest 
associations (>0.80) were for SYD-BWT, SYD-GR, BWT-GR, and 
GYD-BWT, HI was negatively correlated with SYD, SWT, and GR, 
while associations with GYD and HD were positive. These values 
are similar to those computed for Ames and Nashua. 
Genotypic correlations for individual experiments were 
similar to the phenotypic correlations in their ranking of 
trait combinations (Table 42). Strong correlations were 
evident between GYD-BWT, BWT-SYD, BWT-GR, and SYD-GR. Also, 
the associations between GYD-GR and GYD-HI were good at high 
fertility levels, but the associations weakened with delayed 
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Table 41. Phenotypic correlations among six traits in oats 
pooled over six environments grown at Kanawha, 
1978 
Trait HI SYD BWT GR HD 
GYD 0.48** 0.57** 0.81** 0.40** 0.24** 
HI -0.38** -0.08* -0.47** 0.23** 
SYD 0.94** 0.92** 0.05 
BWT 0.83** 0.14** 
GR -0.31** 
*,**Indicate values significantly different from zero at 
the 5% and 1% level, respectively. 
planting and the absence of adequate fertility. The associa­
tions of HD with other traits were stronger than at Ames and 
Nashua. 
Of the genotypic correlations with HI, the positive 
association with GYD was the strongest. The values for HI-BWT 
were moderately positive with the remainder of the traits 
weakly correlated with HI, most values being negative. 
Coefficients for BWT with GYD, SYD, and GR were large 
(ca. 0.9), but associations with HD were also good (>0.5). The 
same was true for correlations of HD with SYD and GR. 
Neither fertility level nor planting date had a consistent 
effect on the magnitude of correlation coefficients. 
Error correlations for these environments were often 
similar, in terms of sign and magnitude, to the genotypic 
coefficients (Table 43). For the ILO, IHI, and 2L0 
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Table 42. Genotypic correlations for oats grown in six 
environments at Kanawha, 1978 
Mating number Trax-c 
combinations ILO IHI 2L0 2HI 3L0 3HI 
GYD-HI 0.84 0.61 0.70 0.40 0.59 0.35 
GYD-BWT 0.94 0.91 0.92 0.97 0.89 0.83 
GYD-SYD 0.79 0.77 0.71 0.92 0.70 0.65 
GYD-GR 0.85 0.90 0.63 1.10 0.48 0.63 
GYD-HD 0.44 0.37 0.52 0.51 0.62 0.05 
HI-BWT 0.27 0.24 0.38 0.17 0.17 -0.18 
HI-SYD 0.05 -0.08 0.01 0.03 -0.13 -0.41 
HI-GR -0.07 -0.14 -0.07 0.39 -0.39 -0.41 
HI-HD •0.14 -0.35 0.20 0.01 -0.04 -0.39 
BWT-SYD 0.95 0.96 0.93 0.99 0.95 0.96 
BWT-GR 0.95 1.17 0.93 1.08 0.83 0.92 
BWT-HD 0.55 0. 86 0.55 0.56 0.81 0.73 
SYD-GR 0.98 1.24 1.09 1.05 . 0.96 0.94 
SYD-HD 0.58 0.94 0.49 0.57 0.83 0.81 
GR-HD 0.31 0.63 0.04 0.68 0.65 0.71 
environments, coefficients involving either HI or HD were 
negative. For 2HI and 3HI, negative values involved HI, 
whereas for 3L0, negative values were associated with HD. 
Error associations between GYD-HI were stronger than those for 
GYD-GR while those between HI and GR were negative. 
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Table 43. Environmental correlations for oats grown in six 
environments at Kanawha, 1978 
combina- Matlnq number 
tions ILO IHI 2L0 2HI 3L0 3HI 
GYD-HI 0. 60**  0. 63** 0. 57** 0. 56** 0. 75** 0. 62** 
GYD-BWT 0. 76** 0. 71** 0. 89** 0. 76** 0. 93** 0. 65** 
GYD-SYD 0. 34** 0. 34** 0. 68** 0. 46** 0. 79** 0. 29** 
GYD-GR 0. 22** 0. 21** 0. 62** 0. 28** 0. 67** 0. 22** 
GYD-HD 0. 18** -0. 17** -0. 14** 0. 08 -0. 32** 0. 09 
HI-BWT -0. 03 -0. 08 0. 16** -0. 08 0. 51** -0. 08 
HI-SYD -0. 48** -0. 48** -0. 16** -0. 43** 0. 27** -0. 46** 
HI-GR -0. 60** -0. 60** -0. 21** -0. 60** 0. 22** -0. 54** 
HI-HD -0. 07 -0. 08 -0. 12* -0. 02 -0. 31** -0. 18** 
BWT-SYD 0. 87** 0. 90** 0. 94** 0. 93** 0. 96** 0. 90** 
BWT-GR 0. 83** 0. 84** 0. 89** 0. 87** 0. 83** 0. 84** 
BWT-HD -0. 19** -0. 14** -0. 11 0. 15** -0. 31** 0. 06 
SYD-GR 1. 03** 0. 99** 0. 97** 1. 02** 0. 88** 0. 96** 
SYD-HD -0. 14** -0. 09 -0. 07 0. 16** -0. 27** 0. 11* 
GR-HD -0. 21** -0. 20** -0. 16** 0. 07 -0. 44** 0. 02 
*,**Indicate values significantly different from zero at 
the 5% and 1% level, respectively. 
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DISCUSSION 
The introgressiôn of germplasm from weedy or wild species 
into related cultivated gene pools assumed agronomic impor­
tance with the realization that valuable genes for disease re­
sistance could be obtained from this source (Riley et al., 
1968; Frey, 1976). Recently, the introgression of germplasm 
from exotic species into adapted breeding populations has be­
come important in conferring disease resistance and in broad­
ening the germplasm bases of cultivated crops. The purpose 
of this introgression has been to avoid the occurrence of 
severe epiphytotics that can develop in monocultures that make 
use of cultivars with a narrow genetic base. Additionally, it 
was hoped that the infusion of exotic into adapted germplasm 
pools would enhance the yielding ability of a crop, 
A. sativa and related weedy species of oats have provided 
a valuable tool for the researching of the uses of exotic germ­
plasm. Genes for crown rust (Puccinia coronata Cdr. var. 
avenae Frazier and Ledingham) resistance transferred from A. 
bvzantina and A. sterilis into A. sativa cultivars have pro­
vided the primary protection from this disease for 40 years. 
More recently, the use of A. sterilis germplasm introgressed 
into breeding populations of oats has provided new material for 
selection, from which high yielding types have been isolated. 
Investigations of these higher yielding A. sterilis derived 
lines led to the recognition of GR as a trait that could be 
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exploited to increase GYD. Since A. sterilis is known to be 
a useful source of genes for increased GR, the study of OR 
inheritance seems merited. 
The study by Langer et al. (1978) on the productivity and 
stability of oat cultivars suggested that little genetic varia­
tion for GYD was present in the A. sativa germplasm introduced 
into the midwestern USA from northern Europe. The small burst 
of yield improvement in the past four decades was attributed 
to the infusion of A. bvzantina germplasm in the 1930's and 
1940's. Introduction of A. sterilis germplasm into the A. 
sativa gene pool further diversifies this oat germplasm avail­
able to breeders. Investigations by Takeda and Frey (1976, 
1977) and Takeda et al. (1979) have indicated that HI may be 
near maximum in the environments of the midwestern USA and 
that the contribution of GR genes from A. sterilis could ex­
pand the GYD potential of cultivated oats. In light of these 
facts, an understanding of GR inheritance and its interaction 
with other traits becomes of paramount importance. 
In an investigation of GR, breeders hope to obtain in­
formation upon: (l) sources and magnitude of genetic varia­
bility; (2) representative GR values in various environments; 
(3) the probability of obtaining superior GR segregates; 
(4) the heritability of GR; and (5) the interrelationships 
of GR with other traits. With this information a breeding 
program for GR could be effectively designed. 
For the improvement of GR to be a meaningful breeding 
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objective, genetic variability for the trait must exist. 
Wild and weedy populations of oats and, for that matter, other 
cereals, might be expected to have high GR's as a necessity 
for survival. These high GR's could provide excessive vege­
tative production, e.g., tillering, which could ensure sur­
vival of such ecotypes. However, in cultivated forms, leafy 
types and those with excessive tillering are not chosen because 
such overproduction of vegetative tissue rarely results in a 
concomitant increase in GYD. Vegetative overproduction in­
creases the amount of tissue that must be maintained, and in 
the event of water shortages or extreme heat, some plant parts 
may be sacrificed in order for the whole plant to survive; 
thus, vegetative overproduction is wasteful. Because the 
environment is often limiting for plant growth, boundaries on 
tissue initiation and expansion are useful temperate zone 
adaptations. The result of these restrictions is that plant 
vegetative weight (SYD) or biological yield is limited. 
When vegetative weight or biological yield is restricted, 
GR could vary via a change in duration of the vegetative phase 
of growth. However, this vegetative growth duration of culti­
vated oats is restricted in the midwestern USA. Late flowering 
is undesirable because the threat of heat, drought, and disease 
may retard grain filling late in the growing season. Ex­
cessive earliness restricts plant size and exposes the plant 
to germination problems and frost damage. Thus, days from 
sowing to heading for oats is relatively constant. Even 
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though each additional day and every added square centimeter 
of tissue represent opportunities for the vegetative tissue 
to take advantage of its environment, each increment in­
creases the maintenance requirement of the plant and/or extends 
grain filling into an environmental period when the probability 
of adverse climate or diseases increases. Therefore, vegeta­
tive expansion and length of the vegetative phase are severely 
restricted by the environment, by the oat plant itself, and by 
oat breeders. 
The introgression of small quantities of A. sterilis germ-
plasm has enhanced genetic variation for increased GR with the 
maintenance of the internal balance necessary to produce 
realistic GYD's. A. sterilis derived lines used in this in­
vestigation have GR means that average 10% above those of 
closely related A. sativa cultivars. This has resulted in 
adequate genetic variability among potential parents to make 
selection for GR a realistic objective in an oat breeding pro­
gram. The oat cultivars and lines I used as parents when 
evaluated at Ames and Nashua, had GR's that ranged from a low 
of 0.66 q/da/ha to a high of 0.93, i.e., the range was 40% of 
the lower value. Recombination of parental lines produced 
populations of offspring in which positive transgressive 
segregates for GR occurred. 
From the twelve matings, eleven positive transgressive 
segregates were found for GR. It is noteworthy that matings 
of unrelated parents tended to produce more positive trans-
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gressive segregates than those of closely related parents. 
Three crosses, D250, D251, and D252 produced most lines trans-
gressive for GR, and all involved the A. sterilis derived line, 
CI 9268, as one parent and an unrelated adapted A. sativa 
cultivar as the other parent. Takeda and Frey (1976, 1977) 
found considerable transgressive segregation for GR of oats 
to be unique to interspecific matings involving A. sativa x 
A. sterilis. Matings among A. sativa strains failed to show 
a similar phenomenon, even when exotic lines of this species 
were used as parents. 
In the Iowa oat breeding program, selection among geno­
types that contain some A. sterilis germplasm has resulted in 
a population of lines that have characteristics similar to A. 
sativa cultivars which Takeda et al. (1979) used to study GR 
segregation via intraspecific matings. The advantage of using 
agronomically desirable lines in a study to investigate the 
contribution of A. sterilis to GR improvement is that the ex­
pression of the trait under study, i.e., GR, will not be 
inhibited by the genetic background or its interaction with 
the growing environment. Furthermore, some segregates with a 
suitable GR may be useful directly as cultivars. 
The heritability of GR tends to be low. For the twelve 
matings I studied, heritabilities averaged 0.14o The magnitude 
of this parameter is not surprising considering that GR is 
likely a quantitatively inherited trait and that it was mea­
sured in microplots. Intraspecific oat matings studied by 
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Takeda et al. (1979) gave comparable values. Heritabilities 
of ca» 0.4 were found for interspecific oat crosses, however 
(Takeda and Frey, 1976). Interspecific matings had higher heri-
tability values than the intraspecific ones because of the 
diversity of parents involved in those matings. A. sterilis 
contributed new alleles to the gene pool, so the interspecific 
populations had greater genetic variability and thus, higher 
heritability values than the A, sativa matings. The popula­
tion used in this study had some genetic diversity for GR 
alleles due to small doses of A. sterilis germplasm that 
the A. sterilis derived lines contained. Although 
significant genetic variability was present in my Fg-derived 
line populations, the large number of backcrosses involved in 
deriving them and the close parentages involved in some matings 
probably restricted the variability present. In matings of 
most closely related parents, heritabilities fell below 0.1. 
Matings of unrelated parents had"heritabilities comparable to 
those reported by Takeda et al. (1979) for intraspecific 
matings. Of course, the heritability of GR could be improved 
considerably by computing this parameter on a line-mean basis. 
The type of gene action controlling GR is an important 
input when designing a breeding program for this trait. The 
fact that Fg-derived line means and midparent values did not 
differ significantly for a majority of the matings is evidence 
of additive control of GR. However, dominance and/or epis-
tatic gene action also may be involved. The minimum number of 
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effective factor pairs involved in GR inheritance was four or 
more according to the results of analyses via the modified 
Castle-Wright formula. This number is similar to those reported 
by Takeda and Frey (1977) and Takeda et al. (1979), and it sug­
gests that GR should be considered as a quantitatively inheri­
ted trait. Yet, experience indicates that GR is a readily 
transmissable character, particularly when the gene source is 
A. sterilis. 
Because A. sterilis is a good source of high GR alleles, 
one might assume that the mating of two A. sterilis derived 
lines would produce more high GR offspring than matings involv 
ing just one A. sterilis derived line. In the four matings of 
this type that I studied, this assumption was not verified, 
however. Probably, the invalidity of this assumption lies in 
the type of lines I mated; both A. sterilis derived parents in 
a mating were related, either through the recurrent or A. 
sterilis parent, or both. In some cases, both parents were de 
rived from backcrossing programs utilizing Clintford as the re 
current parent, thus both parents were very similar genetical­
ly. Although lines with different sources of A. sterilis germ 
plasm were used in three of four of these matings, the differ­
ent A. sterilis contributors may represent similar, if not 
identical, ecotypesj thus, little was gained, interms of genet 
ic variability, by using two such A. sterilis derived lines. 
A majority of the matings in this study involved an A. 
sativa cultivar and an A. sterilis derived line. Differences 
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in performance of the matings were determined by whether the 
A, sativa cultivar was related to the derived line (i.e., 
being its recurrent parent) or whether it was unrelated. 
Matings involving an A. sterilia derived line and its recur­
rent parent were only mediocre in terms of heritabilities, 
genotypic variances, and positive transgressive segregates. 
Most likely the closeness of genetic relationship of the 
parents involved in these matings was the cause. For example, 
mating D237 was the cross of CI 9273, i.e., Clintford^ x B443, 
and Clintford. Little genetic variability would be expected 
to result from such a mating. 
The parent combinations which were superior for herita­
bilities, genotypic variances, and positive transgressive 
segregates were matings of unrelated parents (i.e., D250, D251, 
and D252. For these matings, GR means, genotypic variances, 
heritabilities, and the number of plus transgressive segre­
gates were high. Two aspects of these matings should be im­
portant in causing these superiorities: (1) one parent was 
derived from A. sterilis and (2) the other parent was an A. 
sativa cultivar which was unrelated to the A. sterilis derived 
line to which it was mated. CI 9258 was the A. sterilis 
derived line in each of these matings and Clintford was its re­
current parent. The A. sativa cultivars involved were Dal, 
Noble, and Otter, all of which have pedigrees quite different 
from Clintford. Dal, for example, is a selection of Trispernia 
X Belar 3x Beacon 2x Hawkeye x Victoria, which is distinct 
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from the parentage of Clintford which is a derivative of 
Clinton. The Clinton parentage is D69 x Bond. 
To account for the results of this study, an inheritance 
model is proposed wherein several loci, i.e., loci A, B, C, 
D, E, and F, existed for GR. A. sativa cultivars such as 
Clintford and Grundy possessed high GR alleles at loci A and B. 
High GR alleles at loci C and D were donated from A, sterilis 
during backcrossing, so A. sterilis derived lines could have 
GR alleles at as many as four loci affecting GR. As a result 
of the unique derivation of Dal, Otter, and Noble, they contain 
high GR alleles at loci E and F. When two A. sterilis derived 
lines were mated (ABCD x ABCD), no new loci were combined, and 
there was little or no opportunity for F^-derived lines to 
have GR's above the original parents. With this model, mating 
an A. sterilis derived line (ABCD) with its recurrent parent 
(AB) would not produce Fg-derived lines with higher GR than the 
best parent because no new alleles or loci would be involved. 
A mating of an A. sterilis derived line (ABCD) and an unre­
lated A. sativa cultivar (EF) should produce segregates (i.e., 
ABCDEF, ABCDE, ABCDF, etc.) that would have GR's superior to 
either parent due to the combination of high GR alleles at 
different loci. 
If this model is correct, the development of high GR 
material should depend on the parents combined more than any 
other factor, and as seen with D250, D251, and D252, specific 
parents combine well to produce high GR segregates. In intra-
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specific A. sativa matings, those involving 'Tippecanoe' tended 
to produce many segregates with high GR's (Takeda et al., 
1979). Also, during the course of development of the A. 
sterilis derived lines used herein, it was apparent that some 
A. sterilis accessions showed specific combining ability and 
yielded more valuable progeny in combination with certain A, 
sativa cultivars. This evidence of specificity could be due 
to the particular loci for which a cultivar or accession 
possesses alleles for high GR. 
If the alleles for high GR are complementary, then as new 
GR genes were found, theoretically, those genes could be 
"piled up", hopefully with greater GYD resulting. While such 
a procedure might work in theory, it might never be possible to 
carry it out. One limitation would be the difficulty in dis­
covering new, unique alleles for GR. A. sterilis has been 
discovered to be a good source of high GR alleles, but the 
linkage drag that accompanies the transferral of A. sterilis 
germplasm into A. sativa would render many genotypes that 
carried high GR alleles agronomically unfit. Even if new 
sources of high GR alleles could be found indefinitely, their 
enhancement of a genotype's GR might soon become counterproduc­
tive. Unlimited capacity for GR, without the accompanying 
ability to utilize and regulate the trait would destroy the 
balance between vegetative and reproductive growth potential. 
Continual compounding of GR should be accompanied by the 
expansion of other systems which influence GYD. Increasing GR 
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is just one of the mechanisms which can result in additional 
GYD. It is known that GR and HI contribute to GYD, as do 
LA and LAD. Further explorations of plant growth probably 
will reveal other alternate means of enhancing GYD, Deter­
mining the components of GR may even promote GYD increases. 
Although these experiments were not designed to elucidate 
the manner in which GR influences GYD, it is possible to de­
velop a cursory understanding based on past and present 
experiments. 
GR is defined as SYD/HD. Since HD and GR are not associ­
ated, increased GR results in increased SYD. There are several 
ways in which higher GR could occur; (a) higher photosynthetic 
rate, (b) greater assimilation efficiency, and (c) earlier 
leaf area (LA) development. 
In previous studies, several of the A. sterilis derived 
lines with increased GYD did not show greater photosynthetic 
rates than their respective recurrent parents, and other re­
searchers have been unable to demonstrate an association be­
tween photosynthetic rates and GYD*s in other small grains 
(Muramoto et al., 1965; Evans and Dunstone, 1970; Berdahl 
et al., 1972). Variability for assimilation efficiencies 
among small grain species and genotypes have been difficult to 
demonstrate also (Watson et al., 1953; Cannell, 1967). How­
ever, SYD and GYD differences for genotypes can be attributed 
to variability in LA's (Davidson, 1965; Bunting and Drennan, 
1966; Cannell, 1967). So, if photosynthetic rates and 
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efficiencies are similar, greater LA should result in in­
creased SYD and GYD. Increased LA or SYD does not necessarily 
cause a simultaneous increase in GYD, but for genotypes with 
equal Hi's, greater SYD, and presumably greater LA, should 
give increased GYD. 
For a plant to initiate and develop extra SYD, extra LA 
must be present early in the life cycle. Of course, there must 
also be adequate supporting tissue and elements. Such a plant 
will have adequate LA and leaf initials to support continued 
development of additional LA and initiation of a large number 
of reproductive primordia. But, because LA is completely de­
veloped before anthesis, having enough photosynthate for grain 
filling and thus increasing GYD, is dependent upon the LA 
persisting after anthesis, i.e., greater leaf area duration 
(LAD) is required to give greater GYD (Fischer and Kohn, 1966; 
Welbank et al., 1966; Simpson, 1968; Helsel and Frey, 1978). 
A proper division of the photosynthate that results from 
the increased LAD is necessary to insure high GYD. If a large 
share of the preanthesis photosynthate is used in producing 
stem tissue, either through more tillering or greater plant 
height, a drain will be placed on the postanthesis photosyn-
thates for stem maintenance, and less will be available for 
grain filling; and, thus, GYD will not be increased con­
comitantly with SYD. Thus, greater LA and LAD may be the 
actual basic causes of greater SYD and GYD in the A. sterilis 
derived lines, according to the reasoning given above. In 
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my study, LA and LAD may have been assessed via GR; so, the 
apparent association is between GR and GYD. 
The case explained for GR causing increased GYD has been 
more or less proven already for oats. The A. sterilis derived 
lines, CI 9268, CI 9271, CI 9273, and Y286-53 used in my study 
have greater LA and LAD than their recurrent parents (Helsel 
and Frey, 1978), and this may be the source of their enhanced 
GR found herein. 
In previous simulations that show the effects of HI and 
GR on GYD, GR was increased as HI was held constant or vice 
versa (Takeda and Frey, 1977; Takeda et al., 1979). This type 
of relationship did not seem to occur in the varying environ­
ments at Kanawha. GR and HI did fluctuate with GYD, but not 
as expected. High fertility and/or late planting reduced HI, 
but GR did not increase to compensate for this loss; thus, 
GYD*s generally declined. One plausible explanation for the 
failure of GYD's to be equilibrated by HI and GR compensation 
may be that the limited range of these traits restricted GYD. 
Also, it is possible that some inherent limitation in GR 
exists which may retard the expected progress. 
High GR's at later planting dates or lower levels of 
fertility may be ineffective in changing GYD due to environ­
mental inhibition of the initiation of reproductive structures. 
The rapid formation of a photosynthetic source is pointless if 
unaccompanied by adequately developed sink potential. This 
lack of sink potential could cause GYD, and thereby HI, to be 
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severaly restricted; so, high GR, by itself, may not alter GYD 
drastically. What may be missing is an internal balance that 
may be crucial to effective grain production. The concept 
suggested is that for a genotype to maintain GYD in 
adverse environments, a plant must achieve the proper por-
portionality of supporting tissues to reproductive primordia 
during the vegetative phase of growth. Low fertility may 
severely reduce the amount of vegetative tissue; however, one 
is also led to believe that the number of sink primordia or 
their viability may also be reduced. The manifestation of this 
could be that Hi's do not increase proportionately with de­
creases in vegetative or biological yield. The data from 
Kanawha can be used to illustrate the delicacy of the balance 
interrelating GYD, GR, and HI. If 0 kg/ha nitrogen treatments 
are expressed as percentage of those for 100 kg/ha nitrogen 
treatments, then, for the first date of plant, GR decreased 
37% while HI increased 20%, These disproportionate changes in 
GR and HI were accompanied by a 12% GYD decline. At the second 
date of planting, a larger GYD depression was observed (-21%) 
with more disparity of GR and HI values s -30% and +8%, re­
spectively. A 27% decline in GYD at the third date of plant­
ing may have been attributable to widely different environ­
mental effects on GR and HI, where GR declined 37% but HI in­
creased by only 5%. 
When considering changes these varying Kanawha environ­
ments precipitated in SYD, they were proportionate to decreases 
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in GR. The declining SYD's represent a loss of vegetative 
tissue, which translates into a declining capacity to support 
GYD. Although GYD losses were not as dramatic as those for 
SYD, the decline was still obvious. Apparently, the in­
ability of HI to compensate for lessening GR's may have been 
responsible for these changes. 
Balancing vegetative and reproductive growth to produce 
satisfactory GYD's may become increasingly difficult with ad­
verse environments. It is possible that the inability of the 
environment to support substantial vegetative growth also re­
stricted the initiation of reproductive primordia. Limita­
tions on sink size would limit GYD and HI, thereby impairing 
the ability of HI to compensate for decreasing GR's as seen 
at Kanawha. 
The failure of varying environments at Kanawha to yield 
data directly in support of the GR-HI-GYD compensation-
maintenance hypothesis does not negate its validity. Return­
ing to data from the favorable growth situations at Ames and 
Nashua, the close interrelationships of GR, HI, and GYD can 
be seen to be operating. HI's were essentially stable quanti­
ties since parental and offspring Hi's varied little compared 
to other traits. However, variation was seen in GR and GYD; 
increasing GR's were accompanied by increasing GYD's. Be­
havior of this type had been predicted by the investigations 
of Takeda and Frey (1977) and Takeda et al. (1979). 
Experience has taught oat breeders that selection of oat 
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cultivars with increased potential for GYD production in the 
Midwestern USA must be accomplished while holding HD and plant 
height constant. The same principle applies to selection for 
GR and HI. Selection for either trait must be made with the 
other being held relatively stable. An increase in GR will 
not be reflected in greater GYD unless the HI of the greater 
GR is kept the same as the HI of the original GR. In nutrient 
and water deficit environments, large increases in GR probably 
result at the expense of reproductive primordia. This can be 
seen in unadapted A. sterilis derived oat lines. Many geno­
types have high GR's but low Hi's, and consequently, low GYD's. 
In these cases, vegetative expansion precludes the initiation 
of adequate reproductive primordia, thus restricting GYD. 
When the environment is adequate to support both the vegetative 
and reproductive phases of growth, both large vegetative and 
reproductive potentials can be initiated. With adequate con­
tinued environmental support, both SYD and GYD can be developed. 
The most important factor interrelating GYD, HI, and GR 
is the balance that must be maintained. Sink (GYD) and source 
(SYD) potentials must be related to each other, and the 
efficiency or utilization of each depends on the environments. 
Overproduction of source tissue late in the growth cycle 
causes an excessive drain on the plant, and sink size is re­
duced. Thus, even though HI increases slightly in adverse 
environments (source being reduced proportionately more than 
sink), GYD declines. 
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Although actual gains from selection have not been tested 
in my materials, it appears that good advances could be made 
for GYD, HI, and GR in one generation of selection. Certain 
matings would likely give larger gains than others, i.e., 
matings of unrelated parents. If a small number of matings 
must be concentrated on, unrelated parents should be chosen. 
Under simulated selection, with GYD as the selection cri­
terion, improvement for both GR and HI occurred with the larger 
improvement of these two being in GR. With HI as the basis for 
selection, slight improvements in GYD were accompanied by no 
change or a decrease in GR, whereas moderate advance in GYD, 
but little change in HI occurred with selection for GR. When 
selection was for HI+GR, both were advanced, as well as ad­
vancing GYD. Overall, the percent increases for HI and GR both 
were lower than that for GYD, even though GYD was not directly 
involved in this selection scheme. Using HI+GR as selection 
criteria insures that neither trait will regress materially 
as the other advances. This exchange of advance for one trait 
with decline for another was characteristic of selection for 
either HI or GR alone. Also, when one of these single cri­
terion schemes was used, GYD improvement was less than when 
selection was for HI+GR together. When GYD+HI+GR were con­
sidered together, GYD and GR showed slightly better improvement 
than when selection was for HI+GR, while improvement for HI 
was slightly less. 
The best criterion for improving one particular trait was 
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to select for that trait itself. The five schemes differed, 
however, in their effectiveness for advancing other traits 
simultaneously. Selection for GYD should improve GR and HI 
simultaneously. GR in this selected population was advanced 
95% as much as when GR was selected alone. When the summation 
index GYD+HI+GR was used, advance for HI was 90% and for GR 
98% as effective as for those traits selected alone. With 
this index, advance for GR was better and for HI was poorer 
than when only GYD was the selection criterion. 
If primary importance is placed upon economic return, 
the most practical selection criterion would be to select 
directly for GYD while imposing restrictions on traits such as 
HD, height, etc. Imposing boundaries on traits other than the 
one directly under selection is not an unusual practice since 
breeders almost always operate with some restrictions on 
traits which limit a genotype's usefulness in a particular 
environment. However, if one was selecting a group of geno­
types for intercrossing to initiate another cycle of yield 
improvement, it might not be desirable to place emphasis on 
GYD per se. A long range approach to GYD improvement might be 
to select lines that, upon crossing, would give a segregating 
population in which there would be a high degree of genetic 
variation for both GR and HI and the opportunity for recom­
bination of these traits. 
Genetic gains per cycle of selection should give a realis­
tic estimate of the advance that can be expected to occur in a 
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population after one cycle of selection. Mean genetic gains 
for the five methods of selection reiterates that GYD selec­
tion and cumulative selection for GYD+HI+GR would be, most 
likely, the best means of increasing GYD, as well as optimiz­
ing GR and HI. 
The environment in 1978 was not ideal for oat culture. 
Conditions were favorable for vegetative development, but the 
onset of extreme heat early in July essentially halted grain 
filling. Thus, even though the environment was ideal for pro­
moting vegetative growth, it was severely limiting for grain 
filling. One effect of the 1978 growing season could be to 
cause apparent associations between traits which do not truly 
exist, particularly for those traits involving reproductive 
development. Because the season was abnormal for grain filling, 
the real relationships between traits might not be allowed to 
surface, and the effects seen may be due to a few hot days on 
plant development, reproductive development in particular. 
However, any bias these genotypic and environmental correla­
tions may contain is assumed to be minimal since my values are 
comparable with those obtained for other, similar oat popula­
tions (Takeda and Frey, 1977; Takeda et al,, 1979). 
Based on the correlations in this material, many of the 
genetic and environmental components which influenced GR also 
influenced SYD and BWT. Since GR was defined as SYD/HD, such 
a strong relationship (r^ and r^ ca. 0.9) should exist. Even 
when the environment was stressful (such as late plantings or 
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low fertilities at Kanawha), GR^SYD correlations were greater 
than those for GR-HD, thus SYD appeared to be the more im­
portant component of the two. One reason for HD being rela­
tively unimportant may have been the limited range of HD's in 
this study due to the use of temperate material and the 
similarity of many parents mated. BWT and OR were also closely 
associated (r^ and r^ ca. 0.9). This was likely a result of 
the interdependence of vegetative and total plant development. 
The traits measured in this study were moderately corre­
lated with HD, thus selection for HI or OR might not lead to 
lateness. Only D250 showed any tendency toward later flower­
ing, but it also had the lowest means for G YD and HI. Investi­
gators have found higher yielding material tends to be later 
maturing (Rosielle and Frey, 1975a, b). This is assumed to 
be true of oats in general. The modest correlations with G YD 
with HD found herein probably represent artifacts of the ex­
perimental material rather than a true deviation from the es­
tablished pattern. Most likely the cause of these small values 
was the limited range of HD's which contributed to a low 
genotypic variance. 
Genotypic correlations of GYD-HI and GYD-GR were high 
while those for HI-GR were small and negative, thus it should 
be possible to combine high GR and a desirable HI into a common 
genotype with a higher GYD resulting. The effects of this were 
evident when selection was simulated; GYD increased when se­
lection was based on HI, GR, or HI+GR. The negative error 
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correlations between HI and GR indicate that they can act 
compensatorily to adjust to minor environmental changes. These 
correlations also emphasize the fact that if GR increases, GYD 
can improve only if HI is held constant, or vice versa. Since 
HI and GR can compensate for each other and since they are 
genetically independent, the most positive results on GYD will 
be when selection is restricted, i.e., one component (HI or GR) 
is held constant while the other is elevated. High GR is 
essential for the rapid development of adequate photosynthetic 
tissue to support grain filling because a high HI unaccom­
panied by good vegetative development would not enhance GYD. 
An understanding of GR, and maximizing gain for it are 
important since it can be the critical factor in improving 
GYD of small grains under temperate conditions. Although it 
is not the only or possibly the most important factor that 
can change GYD, it is one that merits considerable attention. 
All the elements are present which make GR a trait that breed­
ers might use successfully to improve plant populations. This 
study and those of Takeda and Frey (1976, 1977) and Takeda et 
al. (1979) have laid the groundwork for understanding GR in oats. 
In the future, experiments with actual selection for GR 
and its success will be valuable in relating the results of 
this study to practical situations. Further work should also 
explore the degree to which LA influences GR, Experience 
with the A. sterilis derived lines used in this study tends to 
indicate that LA, LAD, and GR may be closely allied phenomena 
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which are important determinants of GYD. In the final 
analysis, these three traits may be expressions of the ef-
f iciency and longevity of a plant's nitrogen translocation 
system. Further experimentation will verify the accuracy of 
such speculations. 
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SUMMARY 
An analysis of Fg-derived lines from twelve oat matings 
was undertaken to elucidate the inheritance of GR and its re­
lationship to other traits. Calculation of the minimum 
number of effective factor pairs indicated that four or more 
factor pairs were involved, suggesting that GR should be 
considered to be a quantitatively inherited trait. Compari­
sons of F2 and MP values indicated additive genetic control of 
GR, but in a few matings, some dominance and/or epistasis could 
be involved. I have suggested that several loci control GR in 
oats, with the loci acting in a complementary fashion. If 
this model is correct, the development of high GR lines should 
depend very much on the parents mated. As seen with the three 
matings of unrelated parents, specific lines combined well to 
produce high GR segregates. Not only does considerable varia­
bility exist for GR in the Fg-derived line populations from 
these matings, but many lines have high means thereby making 
them valuable for breeding purposes. Another favorable attri­
bute of matings of unrelated parents is that they tended to 
produce the most extreme positive transgressive segregates. 
Although the heritability values for GR in these experiments 
were low, the values are respectable considering that GR is 
likely a quantitatively inherited trait which was measured in 
microplots. The likelihood of obtaining plus transgressive 
segregates, plus the heritability associated with GR, make it 
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reasonably certain that GR could be improved by selection. 
Increased GR had been expected to improve GYD. To test 
this, six environments were created at Kanawha and a variety 
of Fg-derived lines grown. However, changes in GR did not 
alter GYD drastically. For this to occur, HI should have re­
mained unchanged rather than decreasing. In these adverse 
environments created at Kanawha, not only was the amount of 
vegetative tissue decreased, but reproductive initials were 
reduced. Apparently, these changes restricted the plant to 
the point that GYD could no longer be maintained. 
Genotypic correlations between GYD-GR and GYD-HI were 
high, i.e., ca. 0.7, whereas those for HI-GR were small and 
negative. Therefore, combining a high GR with an optimal HI 
should be possible and an enhancement of yielding capacity of 
temperate zone oats would result. 
The interrelationships of GYD, HI, and GR were illus­
trated when selection was simulated. Five criteria were used 
to determine the best 10% of a mating which would form the 
selected sample: (l) G YD, (2) HI, (3) GR, (4) HI+GR, and 
(5) GYD+HI+GR, The best method of improving one particular 
characteristic was to select for that trait itself. The five 
schemes differed, however, in their effectiveness for advanc­
ing GYD, HI, and GR simultaneously. In these populations, the 
best system for improving all three traits was to select for 
GYD. Optimum advance was made for G YD while GR and HI were 
effectively advanced. The conclusions drawn from an analysis 
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of genetic gains per cycle of selection were identical. 
An understanding of GR and maximizing gain for it are 
important since this trait can be the critical factor in 
improving GYD of oats under temperate zone conditions. Ade­
quate vegetative GR allows for spikelet initiation and the 
development of supporting photosynthetic tissues so that 
full reproductive potential, hence economic return, can be 
realized at grain filling. 
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APPENDIX A 
Table Al. Analyses of variance for twelve oat matings grown at Ames and Kanawha, 
1978 
Mating Source of Mean squares 
no. variation df G YD HI SWT S YD GR HD 
D237 Rep 7 298. 18** 138. 80* 4860 .98** 3002. 88** 0. 69** 1. 92* 
Genotype 39 84. 63** 104. 22* 448 .91** 240. 50** 0. 05* 8. 95** 
Error 269 40. 17 68. 07 221 .14 128. 00 0. 03 0. 73 
D238 Rep 7 262. 10** 185. 54** 4071 .16** 2503. 08** 0. 58** 26. 06 
Genotype 29 65. 63** 37. 16** 389 .31** 190. 17** 0. 03* 25. 51* 
Error 202 32. 76 12. 85 185 .03 85. 11 0. 02 18. 57 
D239 Rep 7 1143. 25** 458. 86** 15592 .12** 8343. 51** 1. 92** 23. 69 
Genotype 99 107. 98** 50. 73** 734 .00** 328. 62** 0. 04** 128. 76** 
Error 687 39. 15 33. 75 190 .54 88. 44 0. 02 18. 43 
D241 Rep 7 1016. 69** 367 c 88** 13413 .57** 7443. 57** 1. 73** 99. 10 
Genotype 59 91. 55** 35. 12** 502 .78** 209. 84** 0. 04** 128. 76** 
Error 401 37. 17 20. 75 224 .89 101. 62 0. 02 75. 94 
D242 Rep 7 566. 61** 1419 „ 22 13337 .28** 9348. 79** 2. 17** 5. 95 
Genotype 99 77. 96** 184. 02** 454 .72** 181. 17** 0. 04** 10. 86** 
Error 690 36. 77 198. 30 191 .20 83. 79 0. 02 6. 03 
D245 Rep 7 742. 59** 314. 04** 9245 .54** 5523. 95** 1. 28** 14. 77 
Genotype 59 88. 10** 25. 81** 503 .66** 210. 51** 0. 04** 15. 11** 
Error 411 28. 65 11. 54 155 .70 66. 11 0. 02 9. 38 
*,**Indicate significance at the 5% and 1% levels, respectively. 
Table Al. (Continued) 
Mating Source of Mean squares 
no. variation df GYD HI BWT SYD GR HD 
D246 Rep 7 576.79** 523. 68* 7623 .38** 4866. 48** 1. 05* 73. 56 
Genotype 39 81.48** 47. 61** 551 .78** 285. 74** 0. 05** 93. 79** 
Error 268 41.15 31. 48 230 .99 110. 10 0. 02 55. 35 
D248 Rep 7 538.43** 1027. 37** 9384 .56** 7022. 48** 1. 63** 17. 45 
Genotype 99 77.74** 38. 88** 486 .70** 221. 73** 0. 04** 44. 51** 
Error 687 29.76 26. 04 168 .42 82. 68 0. 02 16. 38 
D249 Rep 7 498.90** 484. 15** 12078 .29** 8412 0 57** 1. 82** 147. 63 
Genotype 99 119.61** 62. 09* 678 .92** 323. 60** 0. 06** 209. 32** 
Error 662 46.17 47. 96 218 .45 138. 97 0. 03 46. 04 
D250 Rep 7 203.51** 406 0 40** 4930 .29** 3798. 02** 0. 69** 76. 75 
Genotype 69 134.53** 69. 77** 807 .96** 389. 27** 0. 07** 83. 38* 
Error 484 35.14 18. 67 218 .16 107. 41 0. 02 57. 28 
D251 Rep 7 774.71** 1025. 04* 19851 .09** 14011. 47** 2. 88** 255. 57** 
Genotype 98 145.88** 208. 20** 815 .66** 396. 82** 0. 07** 388. 83** 
Error 647 38.78 157. 67 263 .09 141. 86 0. 03 51. 87 
D252 Rep 7 885.24** 483. 33** 15142 .55** 9072. 13** 1. 94** 118. 76** 
Genotype 99 126.04** 80. 50** 663 .20** 319. 80** 0. 06** 81. 95** 
Error 667 35.78 23. 45 196 .08 100. 59 0. 02 40. 52 
Ill 
APPENDIX B 
Table Bl. Analyses of variance for oats grown in six varying environments at 
Kanawha, 1978 
source of Mean squares 
Env. variation df G YD HI S YD BWT GR HD 
ILO Rep 2 444. 03** 552. 75** 41.27 672. 84** Oo 010 34. 45** 
Genotype 199 39. 77** 53. 77** 60.59** 152. 12** 0. 013* 10. 82** 
Error 398 20. 82 38. 16 38.14 78. 31 Oo 010 1. 59 
IHI Rep 2 200. 72** 360. 63** 5.67 139. 09 0. 001 18. 77** 
Genotype 199 52. 12** 52. 69* 130.73** 272. 56** 0. 029** 10. 37** 
Error 388 26. 20 40. 99 70.66 126. 02 0. 018 2. 65 
2L0 Rep 2 103. 92** 153. 38** 216.21** 1342. 57** 0. 312** 22. 03** 
Genotype 199 32. 81** 43. 12** 45.94** 132. 11** 0. 013** 14. 68** 
Error 375 15. 21 20. 06 27.07 69. 96 0. 008 1. 27 
2HI Rep 2 97. 59** 55. 06 18.27 156. 56 0. 002 3. 92** 
Genotype 199 54. 63** 33. 90* 163.63** 360. 11** 0. 037** 9. 87** 
Error 383 20. 37 26. 02 61.63 114. 22 0. 020 1. 02 
3L0 Rep 2 310. 67** 188. 06** 965.91** 2337. 36** 0. 908** 132. 82** 
Genotype 199 44. 68** 57. 16** 83.60** 219. 27** 0. 022** 17. 27** 
Error 349 24. 97 31. 90 39.26 113. 85 0. 015 4. 14 
3HI Rep 2 21. 16 28. 68 96.76 92. 15 0. 027 1. 16 
Genotype 199 65. 40** 110. 31** 247.50** 438. 07** 0. 062* 20. 54** 
Error 381 34. 27 70. 70 110.87 184. 37 0. 047 3. 37 
^Degrees of freedom for rep, genotype, and error are 1, 199, and 199, respec­
tively. 
*,**Indicate significance at the 5% and 1% levels, respectivelyo 
